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PROCEEDINGS 


CHEMICAL SOCIETY 





OFFICIAL ANNOUNCEMENTS 
DEATHS. 


The Council regret to announce the deaths of the following Fellows : 


Elected. Died. 

jae Gerald Frederick Druce (S.W.16) ... Feb. 18th, 1915. une 22nd, 1950 
‘rancis William Gray (Aberdeen) Feb. 18th, 1932 uly 2nd, 1948 
— Hanley (Newent) May 2nd, 1901 Apr. 18th, 1950 

obert Haxwell Hicks (Cardiff) Dec. 4th, 1930 May 6th, 1950 
Gavin Lawson (Manchester) an. 23rd, 1941 Apr. 16th, 1950, 
Terence Moore (Ilford) Jec. 18th, 1041. June 2nd, 1950 
Roland Victor Norris (Ceylon) Dec. 2nd, 1909 Apr. 28th, 1950 
Sir Wilham Abraham Wayland (S.E.8) ... Feb. 7th, 1901 July 15th, 1950. 


ELECTION OF NEW FELLOWS. 
The following 43 candidates were elected Fellows of the Society on July 24th, 1950; 


Harold Frank Simpson Addicott. Isobel Ann Kay 

Harry Allsop Kenneth Emil Kolb 
Raizada Tapeshwar Nath Bah Graham Ethelbert Lewis 
Geofirey Thomas Barnes Rev. Wilfrid James Loughlin 
Cyril Arthur Beck John Cooper Lunt 
Pushpa Mittra Bhargava Gerald William Goddard McDonald 
Brian George Clist Wiliam Edwin McEwen 
Henry Robert Conan Charles Gerard May 

Basil de Baskerville Darwent Richard Louis Meier 
Cecily Darwin. Alexander McBain Moore 
Paul De Mayo Bernard Francis Mullen 
William Charles Dewey Santi Ranjan Palit 
Edward Walter Felton Bran Pearce 

Alan F< William Robert Proops 
Michael Roy Foran Osman Mohamed Kagheb 
William Cyril Frith Louis Soffer 

Dennis Mario Green Gordon Clement Speers 
Carl David Gutsche Bernard Ellis Stacey 

Mrs. Thelma Eskin Habgood David Sloan Thirkell 
Francis Patrick Harrigan ohn Thomson 

David Colin Havard fenry James Tinson 
Anthony Barrington Horlock 


RESEARCH FUND. 


A meeting of the Research Fund Committee will be held in November next. All persons 
who have received grants, and whose accounts have not been declared closed by the Council, 
are informed that reports must be received by the Society not later than November Ist, 
1950. 

Applications for grants, to be made on forms obtainable from the General Secretary, 
must be received on or before November Ist, 1950. Applications from Fellows will receive 
prior consideration. 

Attention is drawn to the fact that the income arising from the donation of the Worshipful 
Company of Goldsmiths is principally devoted to the encouragement of research in in- 
organic and metallurgical chemistry, and that the income from the Perkin Memorial Fund 
is to be applied to investigations relating to problems connected with the coal-tar and allied 
industries 
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50th ANNIVERSARY OF THE DISCOVERY OF RADIUM 


The Society was represented at the Celebration of the 50th Anniversary of the Dis- 
covery of Radium held in Paris from July 16th to 20th by Professor F. A. Paneth who gave 
an Address at the opening cerernony in the name of all the delegates from overseas. The 
following Address was presented 


Tue CHEMICAL SOCIETY 
To 


L'Ecore pe Pruysigue 
er Curie 


The President, Council, and Fellows of The Chemical Society send to the President and 
Members of the Organising Committee their sincere greetings on the occasion of the Cele 
bration in Paris in July, One Thousand Nine Hundred and Fifty, of the Fiftieth Anniversary 
of the Discovery of Radium by Pierre and Marie Curie 

This fundamental discovery has led to a fuller understanding and knowledge of the 
nature of the matter from which the universe is composed. At the same time it marks the 
inception of a new era in our civilisation, the full effects of which have yet to be revealed 

We recall with pleasure and satisfaction that Marie Curie was elected an Honorary 
Fellow of the Chemical Society in 1904 

We desire to associate ourselves with our French colleagues and with Scientists through- 
out the world in paying homage to the memory of Pierre and Marie Curie and we send cordial 
greetings and best wishes for a most successful Meeting 


Signed on behalf of The Chemical Society. 
Exic K. Ripeat, President. 
W. A. AKERS, Treasurer. 
D. H. Hey, Honorary 
H. Burton, Secretaries. 


SCIENTIFIC PUBLICATIONS GRANT-IN-AID 


The Society has received through the Royal Society a grant for 1950 of £2,500 for 
publications and of {300 for capital expenditure on the Library from the Government 
Scientifie Publications Grant-in-Aid. 


GIFTS OF PUBLICATIONS 


The thanks of the Council have been conveyed to the following who had presented gifts 
of the Society's publications Dr. B. R. Carpenter, Miss E. M. Chatt, Mr. A. C, Clement 
Mr. R. N. Doughty, Dr. T. H. Durrans, Mrs. K. East, Dr. S. I. Levy, Dr. G. H. Lunge 
Dr. T. F. Rutter and Dr. W. Sachs 


BRITISH STANDARDS INSTITUTION 


The following drafts of British Standards Specifications have been received for technical 
comme nt 


LBC)3203, Draft B.S. for Weighing vessels for miciochemical analysis 

LBC(3292, Draft B.S. for Crucibles for microchemical analysis 

LBOj3201, Draft B.S. for Combustion beats and sheaths for microchemical 
analysis 


(MI 
M 


cM 


These have been placed in the Library, and Fellows wishing to make technical comment 
are requested to do so before September Lith, 1950, to the British Standards Institution 
24 28. Victoria Street, London, S.W.1 





LIST OF APPLICATIONS FOR FELLOWSHIP 


(Fellows wishing to lodge objection to the election of these candidates showld communicate with the 
Honorary Secretaries within ten days of the date of publication of the Journal for August, 1950. Such 
objections will be treated as confidential, The forms of application are available in the Library.) 


*Ali, Mohamed Ibrahim, B.Sc. (Fouad Ist Univ.). Egyptian. Fouad Ist University, Faculty of 
Science, Chemistry Department, Giza, Cairo, Egypt. Demonstrator. Signed by: H. A. Fahim, 
F. G. Baddar, A. Riad Tourky. 
George B.Sc. and Ph.D. (L'pool). British. 417, Cleveland Street, Birkenhead. 
Fellow of Liverpool University. Signed by; W. B. Whalley, J. Mackenzie, N. Walker. 
*Bates, Trevor Hugh, B.Sc. (Birm.). British. 19, Hazel Drive, Dundee. National Service. Signed 
by: L. L. Bircumshaw, S. R. Carter, M. Stacey, F. M. Tayler 
George, B.Sc. (Birm.). British. 32, Cremorne Road, Four Oaks, Sutton Coldfield, 
Student at Birmingham University. Signed by: L. L. Bircumshaw, M. Stacey, 


*Boariand, Mary Patricia Valerie, B.Sc. (Bristol). British. Oak Cottage, New Road, Ide Hill, Sevenoaks 
Research Student, Bristol University. Signed by. F. H. Pollard, John F. W. McOmie, W. Baker 
Champion, John Hardwick Long, B.Sc. (Bristol). British. %7, Woodman’s Road, Chipping Sodbury, 
Bristol. Teacher of Chemistry. Signed by: J. K. N. Jones, F. H. Pollard, Leslie Hough 
Chaudhry, Mushtaq Ahmad, B.Sc. and M.Sc. Tech. (Pakistan). Pakistani. 46, Woodlands Drive, 
Loughborough. Post-graduate R th Scholar, Loughborough College. Signed by: R. F 
Phillips, J. M. C lily, G. Oldh H. K. Suttle. 
John Derek, B.Sc. (Dunelm). British. c/o 37, Weardale Crescent, Billingham. Assistant 
Technical Officer, LCI. Ltd. Signed by: F. G. Angell, B. W. Bradford, H. N. Wilson. 
John Newton. British. 21, Beechdale Road, Newport. Student. Signed by: Leslie 
Hough, J]. K. N. Jones, W. D. Ollis. 
, Frank, A.M.C.T., A.R.LC. British. 11570, c/o A.1.0.C., Abadan, Iran. Development 
Chemist. Signed by : M. H. Silk, W. A. S. Barbour, J. N. Watson. 
Davies, Drury Norman, B.Sc. (Birm.), A.R.LC., AM.1..Chem.E. British. Marlowe, Tite Hill, Engle- 
field Green. Sales Manager. Signed by: }. J. P. Staudinger, J. J. Wilson, C. E. Hollis 
*Dowling, Lionel Thomas. British 16, Mount Avenue, Ealing, W.5. Student, Acton Technical 
Signed by: W. Davey, S. C. Bevan, J. W. 5 
AR.LC. British. 16, Primrose Street, Alloa. Analytical Chemist, 
National Coal Board. Signed by: Hugh B. Nisbet, Hugh H. Campbell, J. W. Ingham 
Owen B.Sc. (Lond.), A.R.C.S. British. 152, Dane Road, Sale, Manchester 
Research Chemist, L.C.1. Ltd. Signed by: R. J. W. Reynolds, J. D. Rose, W. H. Davies 
Elela, Zeinab Abu, B.Pharm. (Fouad Univ.), Ph.D. (Lond.). Egyptian. School of Pharmacy, Faculty 
of Medicine, Farouk University, Alexandria, Egypt. Lecturer in Chemistry. Signed by: Wilfred 
H. Linnell, Roy A. Webb, A. S. Shoukry. 
*Gilbert, Benjamin, B.Sc. (Bristol). British. 2, Foxgrove Gardens, Felixstowe. Student, University 
of Bristol. Signed by: W. D. Ollis, D. Easterby, R. Hemming 
*Hampson, Noel Arthur, B.Sc. (Lond), A.R.LC. British. Rainsough Post Office, Prestwich, Man- 
chester. Student at the Royal Technical College, Salford. Signed by: E. Whalley, G. Beswick, 
E. G. Edwards. 
Hough, Cyril David, A.R.1.C. British. P.O. Box 138, Lusaka, N. Rhodesia. Chemist, Health Depart- 
ment, N. Rhodesia Government. Signed by: J. R. Rowlands, J. W. Gailer, E. Tittensor. 
Hutchings, Donald William, B.Sc. (Lond). British. Scarborough College, Yorkshire. Senior 
Chemistry Master. | » P. PF. Onyon, J. Watson, W. G. Barb 
*Jeffries, Edward Arnould Norman Stanley, B.A. (Oxon). Canadian. 17, Woodlands Gate, Oakhill 
Road, Putney, S.W.15. Student. Signed by: R. F. Barrow, A. D. Caunt, C. N. Hinshelwood 
*Kempson, Irene Violet Rose. British. 30, Orford Road, Walthamstow, E.17. Librarian, A. Boake 
Roberts & Co., L Signed by: Michael F. Carroll, B. Dudley Sully, R. G. Mason 
*Morling, Brian. British. 5, Ranelagh Gardens, Ilford. Student. Signed by: J. Ratcliffe, D. Ridge, 
Leshe W. King 
Richard Joseph, Ph.D. (Bombay and Leeds), A.RIC. British. 5, Staverton Road, 
Willesden Green, N.W.2. Research Chemist, The British Drug Houses, Ltd. Signed by: V 
Petrow, O. Stephenson, James Forrest 
British. 22, Melton Gardens, Romford. Student. Signed by J 
Ratclifie, D. Ridge, M. A. Phillips 
*Popiel, Jan Michal, BSc. (Lond). Polish. 167, Fordwych Road, London, N.W.2. Student 
Signed by: Arthur I. Vogel, G. H. Jeffery, J. Leicester 
*Redden, James, A.R.1C. British. 2, Tiendhill Green, Duns. Assistant Technical Officer, C1. Ltd 
Signed by: A. Mackie, Hugh B. Nisbet, Kobert G. M. Dakers 
Shen, Tsung-Ying, BSc. (Nanking), D.1.C. Chinese. c/o Chemistry Department, The University, 
Manchester, 13. Research Student. Signed by; M. C. Whiting, F. Long, G. K. Barker 
*Stevens, Roger, B.Sc. (Dunelm). British 14, Bateman’s Acre S., Coundon, Coventry. Post graduate 
research, King’s College, University of Durham. Signed by: Ernest E. Tallis, D. Entwistle, E. H 
Cole 
° 
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“Stuart, Robert Guy, B Se. (Lond). F RIC. British 12, Glanville Drive, Hornchurch. Develop 
ment Kesearch Chemist. Signed by: KG. Atkinson, N. H. Philip, Charlies Simons 
" Load British. 20. Elm Close, Amersham. Assistant Chemist, D. R 
Sigued by -~=~Henry Bowyer, Hector W. Hibtott, Ernest Brown 
iritish 67. Ashley Koad. Altrincham. Chemistry Student, Oxford Uni 
L. E. Sutton, J. A. Baritrop, K. J. Morgan 
Brite) 5, Dickens Koad, Grantham. Student, University of Birmingham 
Hircumshaw, B H. Newman, M. Stacey 
MSe«. and Ph.D Manc British. Chemistry Department, The University, 
Manchester Lecturer in Chemistry Sigued by: G. BR. Barker, T. H. H. Quibell, H. A 
Skinner 
Wood, Leslie James, |) and PhD. (Lead), F.RL« Diritish. 4, Hollin View, Leeds. 6. Research 
Chemist, The Coal Tar Kesearch Association. Signed by. Donald McNeil, Felix Popper, E. N 


Lond Hiritish. 183, Brady Street Buildings, Whitechapel, E.1 
~hentifie Civ wervant Sagned by ]. H. Wood, 5. Kaminaky, L. D. Huckstepp 


UNDER SPECIAL PROVISION APPERTAINING TO CANDIDATES RESIDENT 
ABROAD 


Cama, cam, HK.5. (Michigan Coll. of Tech Ph.D. (Minnesota American Department of Chem 
versity of Californ Herkeley, Califorma. Professor of Chemistry Signed by: M. G 
E vans 
Dodson, jun., Vance Hayden, 1) Oh b and MS (Toledo) American. Department of Chemistry, Purdue 
Univerwty, Lafayette, Indiana. Graduate Student and Assistant Signed by: Nathan Kornblum 
Graydon, William Frederick, “ A > Toronte Ph.D. (Minnesota Canadian. Department of 
Chemical Engineering, University of Toronto, Toronto, Ontario. Assistant Professor Signed by 
I>) WH. MacDowell, KR. R. Mclaughlin 
Herbert, jun., Stephen Aven, MS (Penn State College American. Department of Chemistry, Purdue 
University, Lafayette, Indiana. Graduate Student and Research Fellow. Signed by: Nathan 
Kornblum 
Herbrandson, Harry Fred, i Chem (Minnesota), PhD (i American. Walker Laboratory, Rens 
swlact Polytechnic Institute, Troy, New Vork Assistant Professor of Organic Chemistry Signed 
Ph.D. (L pool Pakistani. Institute of Chemistry, Punjab University 
Senior Lecturer in Organic Chemistry Signed by: M. 1. D. Chughtai 
Michigan American Department of Chemistry, Northwestern Uni 
Aswctate Professor of Chemistry Signed by. Frederick G. Bordwell, 


Kosak, Alvin Ira, }' 5 i. of New York), Ph.D. (Ohio State American. Department of Chem 
istry, University of Ci nnati, Concinnati 21, Ohio Assistant Professor of Chemistry Ssgned by 
hristopher L. Wi 
Levseeane, a Cecil, ™ . A South African Fiat 37, Oribi, Pietermaritzburg, South Africa 
norgar Chemistry sgned by FP. L. Warren, H. A. EF. Mackenzie 
“Mew Jerrold. Ph B. (Chicago AM. (Harvard American. Converse Laboratories, 108, De 


liarvard University, Cambridge 38, Massachusetts. Student and Teaching 


signed bry Franz Sondheimer 
and PhD Iocan Department of Hiochemistry, Indian Institute of 
ha Fellow of The Indian Council of Medical Research Signed by 
S Bhatnagar 
Castes, Wubem Cari, A mi Ph bp Humtia Univ (cerman Department of Chemistry, 


USA Assistant Professer of Chemistry Sagued hy 


\ustrahan 21. Geddes Street, Ascot Vale, W 2, 
nsanto Chemicals sate a), Ltd Sigurd by WW 


“ ription 


PAPERS RECEIVED 
ist of papers received between June 13th and July 3lst, 1950 


inthracene derivatives. Part IV The ultra-violet absorption spectra of 
tuted | - 2 benzanthracenes By G. M. Bapoer and R. 5S. Pearce 
3-amimocarbazole.’ By GrorGe ANDERSON and NEIL CAMPBELI 
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‘Contribution to the study of the chemical and physical properties of ethanol-water 
mixtures.’ By M. BoBrecsky. 

‘ The heat of solution of halogenides, sulphuric acid, oxalic acid, sodium hydroxide, and 
urea in ethyl alcohol-water mixtures.’ By M. Bosrecsky and R. D. Lariscu. 

“ Absorption spectra and structure of organic sulphur compounds. Part VII. Sulphox- 

ides.” By H. P. Kocn. 

*Pyrazine derivatives. Part XII. Sulphanilyl derivatives of 2-amino-3 : 6-di-sec.- 

butylpyrazine."" By G. T. NEwBoLD. 

‘ Some chroman and 1 : 2-benzopyran derivatives."’ By Hetan V. TayLor and Murtet L. 

TOMLINSON, 

‘ Organosilicon compounds. Part II. A ‘ conversion series’ for organosilicon halides, 

pseudohalides, and sulphides."’ By C. Eanorn. 

‘ Mercurous nitrate as a reductometric reagent. Part 1. Stoicheiometry of the reaction.” 

By R. Betcner and T. S. West. 

* Mercurous nitrate as a reductometric reagent. Part II. The interference of the more 

common cations and anions in the determination of iron."” By R. Be_cuer and T. 5. 

WEST. 

“ Mercurous nitrate as a reductometric reagent. Part 11]. The titration of various 

oxidising agents."" By R. Betcuer and T. S. West. 

‘ Mercurous nitrate as a reductometric reagent. Part 1V. The determination of copper.” 

By R. Beccner and T. S. West. 

The action of ionizing radiations and of radiomimetic chemicals on deoxyribonucleic acid. 

Part Il. The effect of oxygen on the degradation of the nucleic acid by X-rays." By 

J. A. V. Burver and B. E. Conway. 

“ Synthesis of potential antibacterial agents. Partl. Some a-alkylglutaric acids and their 
derivatives.” By Joun C. Roperts and BERNARD SHAW. 

The dipole moments of ethylene oxide and carbonyl chloride in benzene solution, and a 
note on a useful modification of the Barclay-Le Févre equation.”” By C. L. ANGYAL, 
G. A. Barcray, and R. J, W. Le Fevre. 

“ The electrochemical behaviour of the antimony electrode.” By S. E. S. ELWAKKAD. 

“The synthesis of long-chain aliphatic acid from acetylenic compounds. Part IV. A 
new approach to the synthesis of branched-chain acids."” By C. L. Leese and R. A. 
RAPHAEL. 

‘Intramolecular acylation. Part II. The ring closure of some a-substituted glutari 
acids."” By M. F. Ansext and D. H. Hey. 

‘An unambiguous synthesis of 3-aroylflavones and their reaction with benzylamine.”’ 
By Wriison Baker and F, GLOCKLING. 

“ Steroids and related compounds. Part X. The preparation of pregna-5 : 17-diene- 

38 : 21-diol."" By D. Macratu, D. S. Morris, V. Perrow, and R. Rover. 

** trans-8 : 9-Epoxy-11-ketoheptadecane-l-carboxylic acid and cis-10: 11-diketoheptadec- 
8-ene-l-carboxylic acid, with some observations on the ultra-violet absorption spectra 
of these and related compounds.”” By GrorGce KING. 

‘The degradation of a-amino-acids by interaction with aldehydes."’ By Rapwan 
MOUBASHER. 

“ The condensed phosphoric acids and their salts. Part V. Dissociation constants of 
some tetrametaphosphates."’ By H. W. Jones and C. B. Monk. 

‘ Fluorescence quenching by colloid anions and cations."" By J. E. Lovetock. 

* The seed fat of Macadamia ternifolia."" By R. E. Brince and T. P. Hivprren. 

“Organic fluorides. Part V. Fluorination of hydrocarbons with cobalt trifluoride.”’ 
By R. N. Haszevcpine and F. Surra. 

‘The state of dissolved sulphur dioxide in sulphuric acid.” By V. Goip and F. L. 
TYE. 

“The condensation of aromatic amines with formylchloroacetic ester.”’ By D. A. H 
TAYLOR. 

‘The optical resolution of (-+-)-trans-9: 10-dihydroxy-9 : 10-dihydrophenanthrene.”’ 
By J. Boorn, E. BoyLanp, and E. E. TurNer. 
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“ Cryoscopic studies in sulphuric acid. Part VIII. The solutes acetic anhydride and 
benzoic anhydride. Cryoscopic evidence for the acetylium and benzoylium ions.” 
By R. J. Gucesrte. 
The Ewphorbia resins. Part V. Oxidative degradation in the side chain of euphol.”’ 
By Hs. K. Krist. 
Synthetic polypeptides. Part 1." By W. E. Hansy, S. G. Warey, and J. Watson. 
Synthetic polypeptides. Part I]. Polyglutamic acid."’ By W. E. Hansy, 5S. G. 
WALey, and J. Watson. 
The autoxidation of phenylhydrazones. Part I."" By K. H. Pausacker. 
“ A theoretical investigation of reactivities of conjugated bonds."’ By R. D. Brown. 
An analysis of the isomeric composition of bromodihydromyrcene."" By L. BATEMAN, 
J. L. Cunween, and H. P. Kocn. 
 Dehydrobromination experiments on bromodihydromyrcene."" By L. Bateman, J. I. 
CunneEN, and H. P. Kocn 
Infra-red examination of terpenoid substances."’ By M. F. Carrott, R. G. Mason, 
H. W. Tuompsos, and R. C. S. Woon. 
Nuclear halogen-containing analogues of chloramphenicol."" By No. Pu. Buv-Hoi, 
No. HoAn, Prerre Jacguicnon, and No. H. Kuot. 
Unsaturated long-chain alcohols: some typical members of the series."’ By S. P. 
Licraeia, E. Von Rupiorr, and Donan A. SuTToN. 
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403. Alkali Organometal Compounds. Part I. The Reaction 
of Benzylsodium with Alkyl Halides. 
By D. Bryce-Surrn and E. E. Turner. 


A simple method for the preparation of alkylbenzenes is described, based on the 
rection between teneyinndiem ad aly halides 

Modification of a method for the perasentee of benzylsodium has 
made it possible to in improved. yields of alkybensenes by the reaction. Yields are 
higher than in the corresponding reaction using phenylsodium. 

p-Xylene has been prepared by the interaction of p-tolyisodium with methy! iodide and 
methy! sulphate. 
Refractive indices, densities, and boiling points have been determined for a number of pure 
alkylbenzenes. 


Morton and his co-workers (J. Amer. Chem. Soc., 1938, 60, 1429; 1041, 68, 327) prepared 
n-amylbenzene by the reaction sequence 


Nain toluene o<,HCl 
#-C,H,,Ccl —————> _C.H,Na —— > C,H,CH.Na ———> C,H,C,H,, 


The reaction of »-alkyl chlorides with sodium in toluene was also shown to produce n-alky!- 
benzenes through the intermediate formation of benzylsodium 

A similar method has been used by Letsinger (ibid., 1948, 70, 406) to prepare optically active 
alkylbenzenes by the interaction of benzylsodium with (+ )-2-bromobutane and (+ )-2-bromo- 
octane. »#-Butyl and »-amyl chlorides were used for the preparation of benzylsodium, the 
yield being low in the former case. 

As part of a programme of work on the preparation of pure hydrocarbons, we have studied 
the reaction of benzylsodium with a number of aliphatic halides. Benzylsodium prepared 
from n-amy! chloride as described by the above workers was considered unsuitable for the 
preparation of the lower alkylbenzenes in a pure state owing to the difficulty of complete 
separation from decane 

Gilman, Pacevitz, and Baine (idid., 1940, 62, 1514) claimed to have obtained a 70% vield 
of benzylsodium, estimated as phenylacetic acid, by the interaction of chlorobenzene and 
sodium in toluene at 35°; the toluene suspension of phenylsodium obtained, heated under 
reflux for 3 hours, gave benzylsodium : 

C,H,Na + C,HyCH, —> C,H, + C,HyCH,Na 
These have been reported as optimum conditions (Pacevitz, J. Jowa State Coll. Acad. Sci., 1941, 
16, 117). 

Using benzylsodium prepared by this method, we have obtained moderate yields of alkyl- 
benzenes by interaction with primary and secondary halides. However, it has been found that 
the heating period of 3 hours for the preparation of benzylsodium is excessive, the reaction 
being, in fact, complete within 35 minutes at 105°. Moreover, in reactions with alkyl halides, 
benzylsodium prepared with the shorter heating period has given yields of alkylbenzenes 
approximately 15% higher, together with correspondingly decreased formation of tarry by- 
products. Reduction in the amount of toluene to half that used by Gilman ef al. (Joc. cit.) has 
not decreased yields 

We conclude that slow thermal decomposition of benzylsodium occurs at 105° 

Other experiments on the metallation of toluene have shown that approximately 25% 
formation of benzylsodium occurs when the suspension of phenylsodium in toluene is kept at 
room temperature for 20 hours. At 80°, conversion is almost complete after 1 hour 

Experiments with n-butyl halides have shown that temperature is an important factor in 
their reaction with benzylsodium. With the chloride and iodide, the highest yields of »-amyl- 
benzene were obtained at 30°, whereas with the bromide the reaction was best performed at 
105°. Approximately equal yields were obtained in each case. From the experimental point 
of view, the use of bromides was most convenient. 

Secondary halides have likewise given good yields of the coupled product with benzylsodium 

tert.-Butyl halides have given very small yields of phenylseopentane, not increased by 
working at — 75°. 

Normal coupling products bave been obtained in good yields from allyl chloride and cyclo 
hexyl bromide. In the former case 4-phenylbut-l-ene was obtained free from isomeric 
unsaturated hydrocarbons 
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For purposes of comparison, the reaction of ethyl and »-butyl bromides with phenyl- 
sodium has been examined. Yields of the coupled product have been found to be lower than 
in corresponding reactions using benzyisodium. This is in agreement with the observations 
of Morton (loc. cst.) 

-Batylbenzene prepared from phenylsodium has been found to be identical in physical 
properties with that prepared from benzylsodium. This excludes the possibilities of 
womerisation or an ortho-reaction with benzylsodiam 

Since benzylsodium is known to form ethylbenzene by its interaction with methy! sulphate 
(Morton, J. Amer. Chem. Soc, 1940, 68, 120) the reaction of phenylsodium with toluene-p- 
sulphonic esters was thought likely to prove an alternative route to alkylbenzenes. However, 
interaction of phenylsodium and #-buty! toluene-p-sulphonate gave a low yield of octane and 
no trace of the expected n-butylbenzene 

Reactions with p-Tolylsodium.p-Tolylsodium is known to form benzylsodium slowly on 
jong standing at room temperature (Bachmang and Clarke, tiid., 1927, 49, 2089) and more 
rapidly on heating (Gilman and Pacevitz, sbid., 1940, 62, 673). We have confirmed the latter 
authors’ observation that interaction of p-chlorotoluene and sodium, followed immediately 
by treatment of the product with carbon dioxide, gives pure p-toluic acid and no phenylacetic 
acid 

By the interaction of p-tolylsodium and methy! iodide or methyl sulphate, p-xylene has 
been prepared in moderate yields. The yield of p-xylene from methyl sulphate was higher than 
the yield of p-toluic acid obtained from the reaction with carbon dioxide. This is of interest 
in view of the frequent use of the latter reaction for the estimation of organo-sodium compounds. 

The absence of isomerisation and unsaturated by-products has made the reaction of these 
organo-sodium compounds with aliphatic halides very convenient for the preparation of pure 
alkylbenzenes. In the conditions used, the symmetrical Wurtz coupling product is formed in 
traces insufficient for its isolation and in most cases the required alkylbenzenes have been 
readily obtained pure by straightforward fractional! distillation. 

However, 2-—3% of diphenyl is formed in the initial prepare‘ion of phenylsodium and, in 
the case of alkylbenzenes with a boiling point near to that of diphenyl, careful fractionation has 
been necessary in order to obtain pure products. The presence of traces of dipheny! is easily 
detected by refractive-index measurements 

Measurements of boiling points, refractive indices, and densities for hydrocarbons obtained 
in this work are recorded in Table Il. The values have been found to be highly reproducible 
despite the fact that preparations have been on the relatively small scale of 0°5 g.-mol 

Where comparison is possible, the values are in close agreement with those obtained by 
Forziati, Norris, and Rossini (J. Res. Nat. Bur. Stand, 1949, 43, 473, 555) working with a 
series of specially purified hydrocarbons 

Agreement with the values give by Vogel (/., 1948, 607) is less consistent 

Further work on the physical properties of alkylbenzenes is in progress and will be reported 
in a later paper 


EXPRRIMENTAL 
(All temperatures are corrected.) 


Alkyl! bromides were prepared from the corresponding refractionated alcohols by standard methods 
Other halides were commercia! products purified by shaking them with concentrated sulphuric acid, 
washing, drying, and distillation. All halides were refractionated before use, through a jacketed 
Fenske column with 35-cm. packed length and variable take-off (column A) 


Benzene and toluene were sulphur-free. Light petroleum was freed from aromatic and unsaturated 
compounds by being shaken with 5% oleum, washed, dried, and distilled. All reagents were carefully 
dried 


The experimental conditions are illustrated by the following preparation of »-butylbenzene (any 
deviation is indicated in the notes to Table I) 


A 11. flask was fitted with a dropping funnel, reflux condenser, wing-stirrer with mercury seal, 
thermometer, and gas inlet, all joints being of ground glass In the flask were placed 300 c.c. of toluene 
and 27.5 ¢. (1-2 ¢ -at.) of sodium wire The apparatus was filled with dry nitrogen and stoppered. At 
30-35", 68 ¢. (0-6 g.-mol_) of chlorobenzene were added dropwise during 2 hours, with vigorous stirring 
Reaction started within a few minutes, the sodium surface becoming black, and was complete after a 
further t}-—2 hours at 30 


The condenser was then fitted with a calcium chloride tube, and the mixture heated under reflux 
with stirring for 35 minutes. The reflux temperature, initially 107°, soon fell to 103° as benzene became 
formed by the exchange reaction After removal of the heating bath, 49 g. (0-4 g.-mol.) of #-propyl 
bromide were added during 20 minutes at 103-106 
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. an excess of solid carbon dioxide was added to 
added 


A 
replaced by a smaller one (B) of the same type with 8-cm. packed 
The following fractions were collected at 765 mm. : 


No. B.p 

(8) 181-5" 

(9) 181-6247" 

(10) 247—275 

(11) 275—295 
181-0—181-5 Retidue 
181-5 
181-5 


Redistillation of (3) and (8) gave a further 45 g. of m-butylbenzene, b. p. 181-0-—181-5°/766 mm., » 
1-4898. (At these rather high temperatures, a thermometer immersed in the vapour at the top of 
fractionating column rarely records the true b. p. For this reason, refractive indices rather than b. ps 
have been taken ene ee More accurate values for b. p.s have been obtained by using the 
Spencer—Cottrell apparatus (Table I1).) 

The total yield of pure »-butylbenzene was 40 g. (74%). 

Acidification of the aqueous layer gave 39 g. of crude phenylacetic acid, m. p. 67-69" 
Crystallisation from water gave 2-4 g. of m. p. 77°. 


Taste I, 


Yields of alkylbenzenes from the interaction of benrylsodium uth halides. 


Yields of pure products (%; calculated on halides) from 0-6 ‘oo of chlorobenzene, 1-2 g.-at. of 
sodium, and 0-4 g.-mol. of alky! halides. 





-Hexylbenzene 
1-Phenyl-A : 6 : G-trimethyl- 


methylhexane 
ssoPropy! bromide - sso Butylhenzene 
sec.-Buty! bromide - : ! 1-Phenyl-2-methylbutane 
sec.-Buty! chloride . 1-Pheny!-2-methylbutane 
tert.-Butyl chloride : . ~—  Phenylneopentane 
tert.-Buty!] bromide a . - -- Phen 
cycloHexyl bromide . - 69° * cydoHex yimethane 
Allyl chloride . 72¢ - 4-Phenylbut-1-ene 
* Benzylsodium prepared by heating isodium im toluene for 3 hrs. at 105° (Gilman ¢f ai/., 
loc. cit.). * Benzylsodium prepared by ting patase in toluene for 35 mins. at 105° 
* Sodium powder was used instead of sodium wire in this 
was more difficult to initiate and proceeded Phony slowly. 
reaction mixture before addition of water. . i 
mol. of »-butyl bromide used. » Gulan to the maaan ot the bp. of Lpheayl-4 6 @trimethy} 
heptane to that of dipheny!, there was considerable tion loss on working up and the ton 
was much higher. 5B. p. 96°/2-5 mm. (Found; C, 882; H, 11-9. C,,H,, requires C, 88-0; H, 12-0%) 
* cycloHexylpheny! was not obtained in a state of purity compar: with that of the other 
hydrocarbons in this series. Practically all of the product distilled at 130-0-—130-56°/20 mm. and 
showed no unsaturation to bromine in carbon tetrac ide; wP 1-52456—1-5270. After being heated 
at 130° with sodium for several hours, the hydrocarbon had b. p. 122-6—-123-0°/16 mm., #ff 1-6268— 
1-5264. These variations in refractive index may have been due to the e of traces of dicyclo- 
hexyl a sulphonamide formed colourless crystals (from light octeiem), @ m. p. 107-5" (Found : 
N, 54 yH,,O,NS requires N, 565%). Sidorova Teukervanik (]. Gen. Chem. Russia, 1941, 
10. 2073) give for cyclohexytpheny b. p. 137°/20 mm., w}f 15255. * In these experiments 
the amount of toluene was reduced from 300 c.c. to 150 c.c (1-4 g. -mols.). The heating period at 100° 
These are probably the best tal 


‘ sous: tp ts —~ e being heated under reflux for several with 
permanganate 185-186". The nae mide formed colourless crystals (from light 
morn oy m. p. 86° (Found : N, 63. C,,H,,O,N5 requires N, 62%). 


Seer Se ee 25°. A suspension of phenylsodium in 300 c.c. 
of toluene prepared from 0-6 g.-mol. of chlorobenzene and 1-2 g.-atoms of sodium was stirred at 25° for 
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20 hours. At 30°. 556 ¢ © 4 ¢ -mol.) of »-boty! tromide was added during 2 hours and the mixture 
stiered for 1 howr more. On working up and fractionating the product, I! g (19%) of #-amyl- 
bea were obt d, indicating approximately 25% formatiwn of benzyisodium 

(2) At 0". A suspension of yisodium in 300 «.c. of toluene was ed from 6-6 g.-mol. of 
chlorobenzene and 1-2 g.-atoms of sodium and heated at 80" for | hour. 49G. (0-4 g.-mol.) of 7 
bromide was run in at 80” daring 20 minutes and on cooling to room tem ture, ca. Dg sold 
carbon dioxide were added to the mixture. Water was added and, on d tion of the organic layer 
ne fraction corresponded to m- wene. However, it was not possible to obtain the normal sharp 
traction correnponding to »-bat gene, the hydrocarbon obtained having a b. p. range of 1758 
181° /764 mm. and wf? 1-48846—1-4889 (35-5 ¢ ) 

Acidification of the aqueous liquor gave 1-5 g. of acids, m. p. 70--90° 

It was concluded that, under these conditions, the formation of benzylsodium was incomplete 


Eaperwments with Phenylsodium.— Reaction with n-butyl bromide. Phenyisodium was prepared from 
27-5@ (1-2 g.-atoms) of sodium wire and 64g. (0-6 -mol ) of chlorobenzene in 30 c.c. of benzene under the 
conditions used previously with toluene as solvent. At 30°, 55 g. (0-4 g.-mol.) of »-buty!l bromide were 
added during 2 hours with stirring. After a further hour at 30° water was added to decompose excess of 
«xliam and phenyleodium. Distillation of the organic layer gave 30 g. (56%) of crude »-butylbenzene 
b. p. 170—182°/751 mm, aff 1-4903, slightly unsaturated to bromine in carbon tetrachloride 


After heating of the crude product under reflux with sodium for 2 hours and refractionation (column B) 
23-5 g. (44%) of »-butylbenzene were obtained, having b p 180—-181°/751 mm., ef 1.4808, and 
saturated to bromine in carbon tetrachloride, and also 4-7 g. (9-5%) of diphenyl, m. p. 70°. This was the 
only experiment in which the formation of unsaturated matter was observed 


To find the effect of reaction temperature on the yield of #-butylbenzene, an experiment similar t 
the above was carried out with light petroleum (b. p. 100-120") as solvent, addition of »-buty!l bromide 
being made at 105° during 20 minutes. The yield of pure »-butylbenzene was 26-5 g. (49%) 


Reaction with ethyl bromide. See also Acree (Amer. Chem. J., 1903, 28, 588). This experiment was 
carried out to check varying literature values for the refractive index of ethylbenzene 


A suspension of phenylsodiam was prepared from 46 g. (2 g.-atoms) of sodium wire and 112-5 ¢ 
1 g.-mnol.) of chlorobenzene in 400 ¢.c. of light petroleum (b. p. 40—60°). 87 G. (0-8 g.-mol.) of ethy! 
bromide were added at 30° during 45 minutes and the mixture was stirred a further hour. Addition of 
water and norma! working-up gave 42:5 g. (50°) of ethylbenzene showing no unsaturation with bromine 
in carbon tetrachloride and having «= 14965. The hydrocarbon, heated under reflux with sodium 
for 8 hours and refractionated (column A), had b. p. 134-4°/745 mm. and aff 1.4968 


Reaction with n-butyl toluene-p-sulphonate, To a suspension of phenylsodium prepared from 34 g 
© 3 ¢.-mol.) of chlorobenzene and 13-8 g. (0-6 g.-atom) of sodium wire in 150 c.c. of benzene were added 
465 g. (02 g mol.) of freshly-distilled #-buty! toluene-p-sulphonate during 45 minutes at After 
the mixture had been kept overnight at room temperature, water was added and the separated organi 
layer fractionated. 1G. of a liquid, b 1256-131", was obtained, which was saturated to bromine in 
carbon tetrachloride, had =f 1-4140, and was thus probably #-octane 


No fraction correwponding to »-buty! benzene was observed 


Laperwments with Ba isodium.——Reaction with carbon diomide, (Cf. Gilman and his co-workers 
| Amer. Chem. Soe., 1040, 2 673, 1514.) p-Tolylextiom was prepared by addition of 12-6 g. (0-1 g.-mol 
of p-<hlorotoluene during 2 hours to 4-6 g. (0-2 g.-atom) of sodium wire starred in 50 cc. of light petroleum 
(b. p. 40-60") at 25° with the usual conditions for exclusion of air and moisture. The mixture was 
stirred for a further 2 hours at 25° and then rapidly poured on a large excess of solid carbon dioxide in a 
Dewar flask. Next morning water was added to destroy excess of sodium. Acidification of the aqueous 
layer gave 68 ¢. of p-toluic acid, almost pure without recrystallisation, m. p. 175 Ether-extraction 
of the mother-liquor gave 0-15 g. of a brown acid, m. p. 161-163" without recrystallisation. From the 
odour, this contained traces of cresol. Phenylacetic acid was not found. The yield of p-toluic acid 
was 51% 





Reaction ath methyl iodide. p-Tolyisodium was prepared, as in the previous experiment, from 
(0-4 g.-mol.) of p-chiorotoluene and 23 g. (1 g.-atom) of sodium wire in 200 c.c. of light petroleum 
40 51 G. (36 ¢-mol.) of methy! iodide were added at 30° during WO minutes 

Reaction was rapid. After a further 5 minutes’ stirring, solid carbon dioxide was added to decoloris 
the solution. Excess of sodium was destroyed by addition of water Fractionation at 745 mm 
(column A) gave the following fractions 


No B. p ’ No B. p 


(i) #120" 5) 136-0—136 5 
(2) 120-132 6) 136-5 

(3) 182-135 Residue 

(4) 135-136 5-90 


Fractions (5) and (6) represent a 42% yield of p-xylene. Fraction (6) had mn 1-49584 


The aqueous layer gave, on acidification, 2-55 g. (5.2%) of p-toluic acid, m. p. 175—176", without 
recrystallisation 


Reaction with methyl miphate. p-Tolyisodium was prepared, as in previous experiments, from 
76 g. (06 ¢ -<mol.) of p-chlorotoluene and 27.5 g. (1-2 g -atoms) of sodium wire in 250 c.c. of light 
petroleum (b. p. 40-50"). At 30°, a mixture of 78-5 g. (0-625 g.-mol.) of methy! sulphate with 30 c.c. of 
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1 hour with v 


The crude p-x 
distillate was 


No. B.p. e.5 BH Pp No. B.p. Wt M. p. 
(1) 108—115° , g (6) 138-0--—138-3 45 11-0—12-1° 
(2) 115—132 . < (7) 138-3-—138-35 21 127-—12-8 

(3) 132—136 < (8) 138-35 14 12-6—12-8 
(4) 136-—137 7-5—85 Residue 53 

(5) 137—138 . 10-4— 10-8 


Distillation of the residue from a small flask without a column gave a further 42 g., m. p. 10-0-—10-5", 
b. p. 138—140° (fraction 9). Fractions (5)—(9) (37-1 g.) represent a 58% yield, based on p-chlorotoluene. 
Physical Properties.—Data for the purest products obtained are given in Table II. 


Taste II. 
B. p. B. p 
760mm. «ff. &@. 760 mm. «af. g 
Ethylbenzene ............ 1361° 149577 086709 4-Phenylbut-l-cne 181-1° 150748 0-88153 
p-Xylene ....... ; 138-0 =1-49579 0-86106 = »-Amylbenzene . 2052 148827 0-85006 
n- Propylbenzene. 159-4 =«1-49186 0-86200 =1-Pheny!l-2-methy!- 
n-Butylbenzene butane 196-1 1-48006 0-86072 
(i) ex CHyCH,Na... 182-0 =1-48975 086017 »-Hexylbenzene.... 225-0 1-48608 0-85830 
(ii) ex CH,N D  eseces ~ 1-48974 086017 1-Phenyl-4 : 6: 6-tri- 
isoButylbenzene... 172-7 148657 085345 methylheptane 1-48268 0-85501 


Refractive indices were measured with a calibrated Pulfrich refractometer. Keproducibility with 
this instrument was + 0-00002 and values obtained with different samples came within these limits. 

Densities are for the air-saturated hydrocarbons and are reduced to a vacuum. Individual 
measurements were reproducible within + 0-00003 g./ml. 

B. p.s were measured with the Spencer-Cottrell apparatus and were reproducible within + 02°. 


All measurements were made with hydrocarbons freshly distilled over sodium or potassium. Slight 


deterioration, probably by oxidation, was observed when samples were kept in stoppered bottles for 
some months. 


We are indebted to Dr. V. C. G. Trew for the measurements of refractive indices and densities 
recorded herein and also express our thanks for the financial assistance received through the Institute of 
Petroleum which has made this work possible. 


Bevrorp CoLt_ecr, UNIVERSITY oF LonDON Recewed, March 31st, 1950 


404. Reaction-kinetic Investigations of the Incomplete Dissociation of 
Salts. Part II. The Hydrolysis of Carbethoxymethyltriethylam- 
monium Iodide and of Ethyl Acetate by Solutions of Metal Hydroxides. 

By R. P. Bett and (Mas.) G. M. Warp. 


Kinetic measurements have been made on the alkaline hydrolysis of carbethoxymethyl- 
triethylammonium iodide at 0°. The reaction shows a large primary negative salt effect, and is 

tically retarded by calcium and barium ions. This retardation can be accounted for by 

formation of CaOH* and BaOH’, and agrees quantitatively with the dissociation constant 
of CaOH’ at 0°, which was determined by measuring the solubility of calcium iodate in solutions 
of sodium hydroxide Measurements on the alkaline hydrolysis of ethyl acetate showed that 
calcium and barium ions have no detectable retarding effect in this reaction. The varying 
behaviour in different reactions involving hydroxy! ions is accounted for in terms of the 
properties of the transition state 


I~ the first paper of this series (Bell and Prue, ]., 1949, 362) it was shown that, when diacetone 
alcohol decomposes in presence of hydroxyl ions, the presence in the solution of calcium, barium, 
or thallium ions causes a reduction in reaction velocity which can be reasonably accounted for 
in terms of the incomplete dissociation of the hydroxides concerned. For the hydroxides of 
barium and thallium the degrees of dissociation agreed with those obtained by other methods 
(e.g., solubility measurements), but for calcium hydroxide the kinetic value was higher by an 
amount which probably exceeded the experimental error. It was pointed out that the apparent 
degrees of dissociation derived from kinetic measurements will be too high if the metallic ions 
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concerned associate with the transition state of the reaction as well as with the hydroxyl son 
This association with the transition state is likely to be a minimum in a reaction such as 


*NEt, CH, CO,Et + OH- —>*NEt,CH,CO,- + EtOH 


where the transition state has a net charge of zero, and we have therefore made measurements «1! 
the velocity of this reaction im presence of sodium, calcium, and barium ions. In order 
to determine the degree of dissociation of CaOH* at 0”, a study was made of the solubility of 
calcium jodate in solutions of sodium hydroxide at this temperature, and some kinetic expen 
ments were made on the hydrolysis of ethyl acetate by various hydroxides 


EXPERIMENTAL. 


Carbethoxy methyltriethylammontum chiorde was prepared by the reaction of equivalent quantities 
of triethylamine and ethy! monochloroacetate in alcohol at 0 The crude chloride was dissolved 
in acetone and treated with one equivalent of potassium iodide. after the potassium chloride had been 
filtered off, the solution was evaporated to dryness and the iodide recrystallized from acetone, giving 
fine white crystals, m. p. 126--127°, 99 9% pure by titration with silver nitrate 


Kinetic measurements were carried out at 0° with equal initial concentrations (0-003—0-006m ) of 
ester salt and sodiom hydroxide free from carbonate In most experiments the seiutions also contained 
sotiam chioride, barmm chloride. of calcium chloride, the concentrations of the last two substances were 
determined in their stock solutions by the gravimetric estimation of chioride (as silver chloride) and 
barium (as barium sulphate), and the volumetric determination of calcium as oxalate 


In making kinethe measurements the solution containing sodium hydroxide and added salt was 
comtained im a small flask, and | c.c. of a stock solution of ester (which was stable for at least several 
days) in a thin-walled glass bulb resting on the bottom of the flask. A slow stream of air freed 
from carbon dioxide was passed rm - ees the whole experiment. Aiter 20 minutes at 0° the bulb 
was broken and a clock started simultancously. After a suitable reaction time (0-5-4 minutes) the 
reaction was stoppéd by adding 10 ¢ c. of s/100-hydrochloric acid, and the excess of acid titrated with 
4 /100-ammonta solution ( yi-red). Six such experiments were carried out with each reaction 
mixture, using reaction times covering about two-thirds of the total reaction. Asa check one experiment 
in each set was allowed to continue to completion the observed titres agreed with those calculated, 
within experimental error 

Because of the short times aad high dilutions involved the individual observations are not very 
accurate. The second-order velocity constants 4 were obtained by plotting s/(¢ — *) (@ = initial 
concentration of both reactants, 4 s « concentration after time {) against the time in minutes, and 
determining the slope of the best straight lime (4) by the method of least squares. Fig. | shows the 
lunes for two typical reactions. Table I gives the observed velocities for all the solutions studied 


Tass I 


Hydrolysis of carbethoaymethylinethylammonium iodide by sodium hydroxide. 


lon Ionic 
1 « Added salt strength (J Added salt strength (/ 
566 ; O218m-Naci 0-224 
S01 ‘ 2s 0-0726m-CaCl, 0-224 
Sh 0-0234m-NaCl 7 O-274m-NaCl 0-278 
56 0-11 8e-Nacl : : 0-0013m-Bacl, 0-278 
610 © 175s-Natl 0-201m-Na! 0-295 
610 O-O082u-CaCl, ’ 0-145m-NaCl 
5-15 O-178e-Natl + (4 B4u-Cacl! 0-295 
515 0 :0305M-Bacl, 0-0960m-CaCl, 0-205 


The solubility of calcium jodate im colutions of sodiam chloride and hydroxide at 0° was measured 
exactly as described by Davies (/.. 1938, 277), using a Dewar flask containing we and water as a 
thermostat, and excluding carbon dioxide from the saturator. The values obtained are given in the first 
two columns of Table II. In interpreting the results it is necessary to make a small correction for the 
presence of the species CalO,* and NalO,, and for this perpete we have used the thermodynaimic dissocia 
tion constants given by Davies (lec. est.) for 25°, X(CalO,*) « 0-13, K(NalO, 30. The thermodynam«x 
solubility product of caletum iodate, P'Ca(IO,),), is obtained by extrapolating to J ~ 0 the measured 
solutulities tn water and in dilute sodium chloride solutions The sonic strengths are sufficiently low for 
the limiting law to be obeyed, and the resulting values are 5, ~ 1040 « 10°%, P 45.9 = 2-921 x lor* 
The concentrations of the vartous species present are then given by the equations 

log ye NalO, log ye Na’) + log, (10, log KX (NalO, {UJ 
log ye CalO,*) = log, Ca**) + log, 10,” bog eA (CalO, 21g 
log yp Cat’) = log »f (Ca(lO,, 2 logy,» 10, aU 
2s = (10,~) NalO,) + (CalO,*) 
together with the condition for electrical neutrality and a knowledge of the total amount of 
sodium added. » is the measured solubility in moles per litre. and {(/) is a function representing the 





(1950) the Incomplete Dissociation of Salis. Part LI. 1981 


dependence of the somic activity coeticients on ionic strength. For {(/) we have used two alternative 
expressions, 
(a) £2) = — log yf = 0490 Fl + 7) 
(0) £(2) — — log ef = © 490 74/1 + TH) — O27 } 
By use of either of these, the equations in (1) can be solved by successive approximations, and the concen- 


trations of CaOH* and OH™ calculated by difference. An approximate value for the thermodyaamic 
dissociation constant of CaOH* is then given by 


log ekg = log yiCa**) + log iOH™] — log,.(CaOH*} — 2f(/) . @& 


(2) 


Fic. 1 Fis. 2 
T T T 
. : 
CaCl; | «0 
A J \r. om 
= * 
® [Cact,] -o0se2) 
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The values obtained are given in Table Ll. The mean values of KX’, do not differ much from the value 
6-03 at 25° obtained by the same method by Davies. 


Taste IL. 
Solubility of calcium iodate at 0”. 


10*(NaCl).* 10*s 10*(NalO, 10*(CalO*, 10°|CaOH”* I 
- 0-070 
1.000 : 0.0081 
2-000 24 00-0093 
3-000 240 00104 
4-000 OOLLS 
1” NaOH).* 
18-16 y (a) 0-025 (a) 0-054 (a) 0-415 (a) 0-0257 a) 0-04 
(b) 0-025 (hb) 0-054 (b) 0-510 b) 0-0255 (6) 0-043 
31-37 . (a) 0-044 (a) 0-054 (a) 0-@01 (a) 60-0397 (a) 0-060 
(b) 0-045 (6) 0-063 (b) 0-737 (b) 06-0304 (6) 0-047 
45-40 (a) 0-065 (a) 0-052 (a) 0-897 (a) 0-0535 (a) 0-052 
(b) 0-067 (b) 0-051 (b) 1-063 (6) 60-0532 (6) 0-042 
68-10 (a) 0-098 (a) 0-052 (a) 1014 (a) 0.0767 (a) 0-063 
(b) 0-102 (b) 0-050 (b) 1-266 (b) 0-0762 (b) 0-046 
(a) 0-057 
Mean { tS) Sone 
* Denotes stoicheiometric concentration. 


2S EGS SARS WED ERS 60 Cr Se 0 Gee Centon trend, asing 
-concentrations of ester and sodium hydroxide. Experiments with varying 
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quantities of added sodium chiornde up to 0-6. gave the following values (in order of increasing soni 
ot ) for the second-order velocity constant 4 (minutes, moles/l.): 4 — 5-02, 5-97, 5-00, 6-04, 6-05, 
5-96,599,5-03,601 There is thus no detectable salt effect under these conditions. Experiments were 
also done with varying additions of barium chioride and calcium chloride, and in each group of these 
experiments the ion strength was made up to a constant value by the addition of sodiam chloride. The 
results are given in Table ILI. It will be seen that the effect of barium chloride is to increase the velocity 
slightly, whereas calcium chioride had no detectable effect. In neither case is there any decrease which 
could be related to the incomplete dissociation of bariom or calcium hydroxide 


Taste Il. 
Hydrolysis of ethyl acetate at 25°. 
(Eater., NaOH Added salt 
Nil 
0-0090m- Bac, 
Oolll 0-0207 0-0197m-BaCl, 
0-0394m- Bal, 
0-0592m-BaCi, 
Nil 2 | 


60-0219 oon 10-0437m- Bac ly >I = 0-153 
Nil 


0-0159 00-0159 0-O7TlLimu-CaC, 
O-1421m-CaCl, 

Nil 
OOLLT OOLLT 0-0005m-CaCl, 
0 1502™-CaCl, 


Discussion. 


As would be expected for a reaction between oppositely charged ions, the reaction between 
the ester cation and hydroxy! ions shows a large negative salt effect. When the added salt is 
sodium chloride the magnitude of this effect agrees approximately with theoretical predictions. 
This is shown in Fig. 2, where log,,4 is plotted against /': the straight line drawn has a slope 
of 06, while the theoretical slope (from the Debye-Hiickel limiting law) is 0°98. The limiting 
law would not be expected to hold at the high ionic strengths which we have used, and our results 
are consistent with those of Nielsen (/. Amer. Chem. Soc., 1936, 58, 206), who found for the same 
reaction that the limiting law is obeyed for /<-0-1, with deviations towards a smaller slope in 
more concentrated solutions 

If a comparison is made between the effect of adding sodium chloride and that of adding 
calcium chloride to the same ionic strength (cf. Table 1), it is clear that the presence of calcium 
ions has a specific effect in reducing the reaction velocity still further. Since it is unlikely that 
there will be considerable interaction between calcium ions and the uncharged transition state 
the simplest explanation of the reduced velocity is the removal of some hydroxyl ions as the 
species CaOH*. In our experiments the concentration of Ca** was considerably greater than 
that of OH”, and under these conditions it is easily seen that the replacement of Na* by Ca** at 
constant ionic strength will reduce the velocity by a factor 1 + [Ca**l/K,, where K, 
\Ca OH CaOH The values of A, can thus be obtained directly from the observed 
reaction velocities, and are given in the fifth column of Table IV They can be converted into 
approximate thermodynamic dissociation constants A’, by the use of equation (3), and the 
resulting values [obtained with the alternative expressions 2(a) and 2 6) for {(/)) are given in 
the last column of Table IV 

Taste IV 


Hydrolysis of carbethorymethylinethylammonium todide by sodium hydroxid 
K's 


1 
Lat ‘s 
rT) 
o-Oo5a2 0049 0-058 


0-047 oO O58 
0.047 ool 
ooe8se ool O-O57 


Mean 0-046 0-056 


The values obtained for A’, are close to those derived from the solubility measurements at 
the same temperature (cf. Table II), though the order of the constants from assumptions (a) and 
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(6) is reversed. The discrepancy is not greater than would be expected in extrapolating from 
the high ionic strengths used in the kinetic measurements. 

The results with added barium salts (cf. Table I) show a small retarding effect, but the 
accuracy of measurements in this very fast reaction is not sufficient to justify a quantitative 
treatment. The results are consistent with K, ~ 0-4 for BaOH* obtained previously (Bell and 
Prue, and Davies, locc. cit.). 

It remains to consider why calcium and barium ions have no detectable retarding effect in 
the alkaline hydrolysis of ethyl acetate, in contrast with their effect in the decomposition of 
diacetone alcohol (cf. introduction to this paper). The difference probably lies in the transition 
states of the two reactions. In the diacetone alcohol decomposition the transition state can be 


written 
f 4 — Me€-C Hy(Me, 
i « o © } 


where the negative charge is shared between two distant oxygen atoms, and the tendency to 
associate with cations will be small. In the hydrolysis of ethyl acetate, on the other hand, the 
transition state will be 
Xe oe} 
Me. OH™, Me-C—OH 
OEt OEt~ 

where the negative charge is much more concentrated, and the association with cations may well 
resemble that of the hydroxyl ion. It is probable that some reactions will exhibit behaviour 
intermediate between these two extremes. 


Our thanks are tendered to the Department of Scientific and Industrial Research for a grant to one 
of us (G. M. W.). 


Puysicat Cuemistry Lasoratory, Oxrorp (Received, April Sth, 1950.) 





405. The Constitution of the Disaccharide of Glycyrrhinic Acid. 
By B. Lytrucor and S. Triprett. 


Glycyrrhinic acid has been studied by periodate oxidation and by degradation of trimethyl 
glycyrrhinate pentamethyl ether and shown to have the structure (XIII) in which two gluco- 
pyruronic acid residues are joined by a 8-1’: 2-link. A method for the identification of 
methylated uronic acid derivatives has been elaborated in which they are converted into 
methylated aldoses by making use of.lithium aluminium hydride to effect the reduction 
CO.Me —> CH,OH 


GLYCYRRHINIC ActD, the acidic saponin of liquorice root, contains the triterpene acid glycyrrhetic 
acid attached glycosidically to a disaccharide composed of two hexuronic acid units. The 
disaccharide was isolated in the form of its methylglycoside dimethyl ester by Voss and 
Pfirschke (Ber., 1937, 70, 132). They did not investigate its structure and were not able to 
decide with certainty the nature of the uronic acid present; indeed, the rapid and extensive 
decarboxylation which they found to occur when the saponin was hydrolysed with dilute acids 
made it seem doubtful if any of the known uronic acids could be present. Earlier work hac 
led Tschirsch and Gauchmann (Arch. Pharm., 1908, 246, 554) to think that the uronic acid was 
p-glucuronic acid, and Bergmann (Biochem. Z., 1933, 267, 304) to suggest that it was p- 
mannuronic acid ; 

At first we were interested in glycyrrhinic acid as a possible model for centelloside, a 
saponin-like substance which we isolated from Centella asiatica; centelloside contains a 
hydroxylated triterpene carboxylic acid aglycone attached to a polysaccharide system. It 
soon became clear, however (Lythgoe and Trippett, Nature, 1949, 168, 258), that the link 
between the aglycone and the carbohydrate in centelloside involves the carboxyl group of the 
former, not, as is usual in triterpene saponins, the alcoholic hydroxy! at C,,,, so that an ordinary 
saponin could not be expected to provide an exact model for centelloside. Since little seems to 
be known about the oligosaccharides of saponins in general, and glycyrrhinic acid is relatively 
accessible and presents some interesting features, we decided to determine the nature of its 
sugar component. Our results are described in the present paper. 

The oxidation of glycyrrhinic acid by sodium metaperiodate provided useful structural 
information. The aglycone, glycyrrhetic acid, was unaflected, but the intact glycoside con- 
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sumed 6 moles of the reagent. No formaldehyde was produced im the reaction, but 6 equivalents 
of strong acid were liberated, one of which was due to | mole of oxalic acid. These results 
«cannot be reconciled with structures containing 2- or 5-ketobexuronic acid units, aad support 
the views of earlier workers that the saponin comtains an aldohexuronic acid. 

Huebner and his collaborators (/. Biol. Chem., 1945, 150, 502; J. Amer. Chem. Soc., 1947, 
68, 1621) found that bornyl-p-glucuronoside consumed 5 moles of periodate and liberated 
4 equivalents of strong acid, one of which was due to | mole of oxalic acid; at the end of the 
reaction the aglycone was present as bornyl formate. The interpretation of these results 
which the authors provided shows the important part which the hydroxylation of suitably 
activated methylene groups may play in oxidations of this kind. There is an obvious re- 
semblance between their results with bornylglucuronoside and our own with glycyrrhinic 
acid; both consume large amounts of the oxidant, and from both oxalic acid is liberated. At 
least one of the hexuronic acid units of glycyrrhimic acid must be pyranose to account 
for the formation of oxalic acid; in fact, both must be so, for no structure contain- 
ing & furanose unit can be written which would consume more than 6 moles of oxidant. 
The formation of only | mole of oxalic acid indicated that only one of the hexuronic acid 
resklues was degraded completely; this might leave its glycosidic carbon atom as a formyl 
group attached to the other unit, which would be thereby protected from complete oxidation 
This point will be clear if reference is made to the structures (I) and (III), the behaviour of 
which on oxidation seems easily predictable 

In the dihexuronoside (I) the two uronic acid residues are joined by a 1°: 3-link. The 
residue written as C,H,O, should be completely oxidised in the way described by Huebner 
and his collaborators, giving (II), the formyl! group of which should protect it against further 
attack. The dihexuronoside (111), in which the uronic acid residues are joined by a 1’ : 4-link, 
should suffer complete oxidation of the residue remote from the aglycone, and the residue 
proximate to the aglycone should consume an additional mole of oxidant to give (IV) 


H-OR CH-OR 
CH-OH CH-OH 
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CH-OH CH-OH 
CH cH 
CO,H CO,H 
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HOR rCH-OR 
CH-OH CHO 
© CH-OH CHO + 3H-CO,H 
cCHaw ett, »,) CH«rCHO 
cn —¢H 
con COM 
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( O,H ® 


it was desirable that these ikieas should be confirmed by experiment, since they would, if 
correct, exclude the structures (1) and (111) for ghyeyrrhinic acid. In order to test whether our 
experimental conditions caused degradation of a glucuronoside in a way similar to that observed 
by Huebner and collaborators, trracetyl cycloheryl-5-p-glucuronoside was synthesised by methods 
similar to those used for other uranic acid derivatives by Stacey and his co-workers (/., 1939, 
1520; J, 1964, 131; compare Luckett and Smith, /., 1940, 1114 The compound obtained 
by the removal of the acetyl groups from the synthetic triacetate consumed 5 moles of periodate 
A representative dihexuronomde was synthesised from hepta-acetyl cycloheryl-S-v-malloside 
by converting it into 2:3: 2°. 3: 4'-penta-acetyl cycloheryl-§-D-malionde, which was oxidised 
by potassium permanganate to penta-acetyi 4-(a-D-giucuronosyl) cycloheryl-§-p-glucuronoside. 
The compound (111; K « C,H,,) obtained on removal of the acetyl groups consumed, as 
expected, 6 moles of periodate 

There remained the possibility that the uronx acu! residues of glycyrrhinic acid might be 
umted by a 1; 2-link, as in (V), the oxidation of which might be expected to proceed as shown. 
When § moles of periodate have been reduced, the compound (V1) should result; it seemed 
probable that this would resist further attack, although, since it is an oxalic acid half ester, 
the posulslity that it could undergo hydrolysis m the acidic reaction medium and so be oxidised 
more extensively, cannot altogether be discounted. However, since during the formation of 





[1950) the Disaccharide of Glycyrrhinic Acid. 1985, 


(V1) 5 equivalents of strong acid and a further | mole of oxalic acid would be formed, as actually 
found for glycyrrhinic acid, the structure (V) was adopted provisionally and gave valuable 
guidance in later experiments which proved it correct. 


-H--— H-OR H-OR 
HOH = on (erm 
H-OH © ie 


OH + HCO 
ceed 0 


OH OH 
(Vv. + Ze H (VL) 
+ (CO, 

Thinking that some of the difhculties which Voss and Pfirschke encountered in characterising 
the uronic acid of glycyrrhinic acid might so be avoided, we preferred to work with methylated 
compounds. Methylation of the saponin as described in the Experimental section gave a 
crystalline trimethyl glycyrrhinate pentamethyi ether. This, like the saponin itself, could not be 
methanolised completely with 8% methanolic hydrogen chioride, after prolonged boiling the 
principal products were methyl glycyrrhetate and a meth thyldth de dimethyl ester pentamethy! 
ether possessing a resistant inter-uronic link. Spoehr (Arch. Biochem., 1947, 14, 153) found that 
alginic acid, which mineral acids hydrolyse only slowly and with extensive decarboxylation, 
can be hydrolysed with relatively little decomposition if 90°, formic acid is used as the reagent. 
Both trimethy! glycyrrhinate pentamethyi ether and the methyidih ide dimethyl ester 
pentamethy! ether were hydrolysed successfully by this reagent and, after the hydrolysis 
product from either compound had been treated first with methanolic hydrogen chioride and 
then with methanolic ammonia, two methylated carbohydrate fragments were isolated as 
crystalline amides. That more soluble in benzene (amide A) was the amide of a methyl- 
hexuronoside trimethyl ether and had m. p. 157-163", (a), + 106° (water). The less soluble 
component (amide B) was the amide of a methylhexuronoside dimethyl ether and had m. p 
193°. The latter was deaminated by nitrous fumes, and the resulting acid methylated with 
methyl iodide and silver oxide. Treatment of the product with methanolic ammonia gave a 
product identical with amide 4, hence the two uronic acid units of glycyrrhinic acid must be 
identical. 

Up to the present the amides of only three methylhexopyruronoside trimethyl ethers have 
been described. That derived from p-glucuronic acid has m. p. 183°, [a], + 138° (water) 
(Smith, J., 1939, 1724); that derived from p-mannuronic acid has not been obtained crystalline 
(compare Ault, Haworth, and Hirst, /., 1935, 517); that derived from p-galacturonic acid 
has m. p. 154°, {a}, + 139° (water) (Luckett and Smith, Joc. cit). It appeared that amide A 
from glycyrrhinic acid could be identical with none of these, if the constants found for it were 
reliable. The rather wide temperature range over which it melted gave us some anxiety on 
this score, and we attempted to purify it by repeated recrystallisation and sublimation, but its 
constants remained unaltered, so we considered it to be pure. Experiments described below, 
by which its identity was established, show that we were mistaken in this. 

In the past, methylhexuronoside trimethyl ethers have been identified by converting them 
into the corresponding trimethoxyglutardiamides. The sequence of reactions shown below 
affords an alternative method of identification which is quite general and has marked advantages 
when rather small amounts of material are available for investigation. The reactions used 
give very high yields; the end-product from any methyl hexopyruronoside trimethyl ether is 
a trimethyl pentopyranose; at least one of the two enantiamorphous trimethyl ethers corre- 
sponding to each of the four aldopentoses is known and crystalline, and these compounds are 
moreover, readily identified by paper chromatography 


~H-OMe 1-OMe -HyOH c -H, 
“OMe H-OMe H-OMe | CH-OMe 
H-OMe “OMe H-OMe — 9 H-OMe 
H-OMe “OMe H-OMe H-OMe 
H H HOH H-OH 
OMe H,OH H,OH 
(VIL) (Vill) (1X.) (X.) 
In order to apply this method, amide A was deaminated with nitrous fumes and the free 
acid converted by diazomethane into its methy! ester, which was purified by distillation. 
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Treatment of the methyl ester (VII) with lithium aluminium hydride gave the primary alcohol 
(VILLI) as a gum which failed to give the naphtharesorcinol test, showing that the reduction was 
complete. Hydrolysis with dilute acid removed the glycosidic methyl group from (VIII), and 
the crude reaction product was reduced with hydrogen and Raney nickel to the partly methylated 
hexitol (IX). The reduction product, used without preliminary purification, consumed 60% 
of the amount of sodium metaperiodate which would have been required had each of the pre- 
ceding steps given a theoretical yield; the reaction product (X) crystallised, and was identified 
as 2:3: 4-trimethy! t-xylose by direct comparison with authentic material and by paper 
chromatography. 

Amide A must thus have been derived from eather p-glucuronic or L-iduronic acid, and its high 
dextrorotation argued strongly against the second alternative. Mixtures of it with the authentic 
amide of methyl-a-p-glucuronoside trimethyl ether melted between 163° and 183°, and in 
spite of the wide divergence in the constants of the two samples there can be no doubt that they 
were essentially the same substance; clearly the sample from the saponin was contaminated by 
a small quantity of the B-isomer. We had been led by the literature (¢.¢., Smith, loc. cit.) to 
believe that when 2: 3: 4-trimethyl p-glucuronic acid is boiled with methanolic hydrogen 
chloride the a-form of the methylglycoside methyl ester predominates very greatly in the 
product. Our experience shows that this predominance is by no means always so great as we 
had expected, and it is noteworthy that Hirst and Jones (/., 1938, 1174) isolated from a 
methylated aldobiuronic acid a sample of the amide of methyl-p-glucuronoside trimethyl 
ether having m. p. 158", (a), + 60° (water), which was a mixture of a- and 6-forms which could 
not be separated by crystallisation. Since amide B from glycyrrhinic acid gave, when converted 
mto amide A, material with a low optical rotation, it seems likely that, in spite of its sharp 
melting point, it too may be an a-form contaminated with traces of the §-isomer 


(H(OMe) , ( H(OMe CH(OH 
OH OH OH 


(Me ; (Me (Me 


COR CH OH CH,OH 
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If the interpretation of the periodate oxidation experiments given above is correct, amide B 
must be the amide of 3: 4<limethy! methyl-p-glucuronoside (XI; R <= NH,). It was con- 
verted into the methyl ester (XI; K OMe) which was reduced with lithium aluminium 
hydride to the corresponding alcohol, acidic hydrolysis of which gave crystalline 3 : 4-dimethy! 
o-glucose, This was identified by comparison with a specimen kindly supplied by Drs. Bell 
and Greville of the Biochemistry Department They have shown (forthcoming publication) 
that their material is identical with the original product of Dewar and Fort (j., 1944, 496), 
but that the latter authors gave incorrect values for its optical rotation. Our product had the 
ame optical constants as those found by Bell and Greville 

Glycyrrhinic acid thus contains two I’ ; 2-linked glucuronic acid units. With regard to the 
stereochemistry of the glycosidic links Voss and Pfirschke suggested that the difficultly meth 
anolysed interuronic link was of the §-, the other of the a-type; we find that the former 
assignment is supported by optical-rotation data 

Isorotation rules have often been applied to disaccharides; the method used here, which 
applies to disaccharides of the trehalose type and to methyl-glycosides of reducing disac 
charides, but more particularly to the fully methylated derivatives of both classes, is merely 
an extension of that of Chariton, Haworth, and Hickinbottom (/., 1927, 1527; compare 
Haworth and Hirst, /., 1930, 2615 We make the assumption, which is supported by con 
iderable evidence, that methy! and glycosyl groups make approximately equal contributions 
to the rotation of a monosaccharide in which they are present as substituents, not only when 
they are substituted at the glycosidic centre of the latter, but also at other positions. If this 
assumption is justified, the molecular rotation [M) of a disaccharide of the type under discussion 
can be expressed in terms of the “ # values of its two components and the “ A " value of a 
methyl group; it is then possible to define a parameter the value of which is given by the 
expression S M B, B,, such that S will depend only on the stereochemistry of the two 
giveosidic centres. Where both of these have an «-configuration S should have a value 
approximately the same as 2.4y,; where both have a §-configuration S > — 24y,; where one has 
an a-, the other a §-configuration S > zero 
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The extent to which the original ption is justified can be judged from the table, in 
which some S values, relating to aqueous solutions and the sodium » line, are assembled. All 
those methylated derivatives for which the necessary data are available have been included. 
The following values, calculated from rotations recorded in Beilstein's Handbuch, [Vth 
Edition, vol. XX X1, have been used in the calculations: “ 4" values: Me, +18,700°. “B” 
values : glucose, + 12,100°; galactose, + 19,000°; methylated glucose, + 16,300"; methylated 
galactose, + 21,000°. 





e'p (in water) M). 
ae-Trehalose .... - . + 67,400" 
Methyl-a-p-gentiobioside . : ‘ } + 23,300 
Methy!-8-p-maltoside ‘ , + 286,100 
Heptamethy! methy!- -p-p- maltoside . - BR. + 40,000 
Heptamethy! methyl-f-p-melibioside rene . + 44,000 
Heptamethy! methyl-8-p-lactoside ............ . bead 
Heptamethy! methy]-8-p-cellobioside : : . &, 700 
Heptamethy! methyl-8-p-gentiobioside .. , 16,400 


No fully methylated representative with two a-links is available, so the S value (+ 43,200°) 
for ax-trehalose has been included, and may be compared with the theoretical value, + 37,400°, 
Values of S for compounds containing one a- and one §-link range from —900° to +7,400° 
(theoretical, zero); those for compounds with two §-links range from —41,300° to —49,000° 
(theoretical, —37,400°). Individual variations from the theoretical values in each class are, as 
might be expected, considerable; but this does not invalidate the point we wish to establish, 
which is that S values do allow disaccharide derivatives to be assigned unambiguously to one of 
three classes, depending only on the types of the glycosidic links present. 

In order to apply this method to the problem in hand, the " B " value for a fully methylated 
p-glucuronoside methyl ester is required. Smith (loc. cit.) records for methyl-a-p-glucuronoside 
methyl ester trimethyl ether, [«),, -+-87°, corresponding to [M) + 23,000"; this value is un- 
doubtedly somewhat low, since it relates to a syrupy product prepared by a method which must 
lead to the presence of small amounts of the §-isomer. By subtracting Ay, (+ 18,700°) we 
obtain for the desired B value + 4,300°, which again is probably too low, but is unlikely to be 
sufficiently so to invalidate configurational deductions from it. It is of interest as a test to 
apply this B value to the 6-($-p-glucuronosyl) methyl-$-p-galactoside methy! ester hexamethy! 
ether obtained from gum arabic by Challinor, Haworth, and Hirst (/., 1931, 258). This 
compound has [a), —21° ([M)] —9,800°), giving S = —9,800 — 4,300 — 21,000 = 35,100", 
Although this value is, as expected, somewhat low numerically, it is sufficient to show un- 
ambiguously the presence of two 6-links in the aldobiuronoside. 

Applying the method now to the methyldiglucurosonide methyl ester pentamethyl ether 
from glycyrrhinic acid, which has [a), + 38°6° ({Af) + 18,600°) we obtain S = + 18,600 — 
2(4,300) — + 10,000°; this value will be rather higher than the true one for reasons already 
given, but it is sufficiently close to the values obtained for compounds containing one a- and 
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one §-link to show that the diglucuronoside belongs to the same class. The a-link is clearly 
that which attaches the glycosidic methyl group, which was introduced by a method known to 
give rise predominantly to glycosides of the a-type. The inter-uronic acid link must therefore, 
as suggested by Voss and Pfirschke, be of the §-type, and glycyrrhinic acid must have the 
structure (XIII). 


EXPERIMENTAL. 


Isolation of Glycyrrhimic Acid.—The method of Tschirsch and Cederburg (Arch. Pharm., 1907, 245, 
97) was used, with modifications only in detail, for the isolation of glycyrrhinic acid from commercial 

Er ae ammoniacale,”’ proved more satisfactory than that of Voss, Klein, and Sauer 
(Ber, 1937, 70, a From the commercial drug (1 kg.) crude ammonium glycyrrhinate was obtained 
which separated from glacial acetic acid as light brown crystals (80 g.), (a)ff + 40° (c, 3-0 in 40% alcohol). 
This material was converted into the lead salt and thence into the free acid, which was obtained pure 
and colourless by recrystallisation from glacial acetic acid and had (a) +46-2° (c, 1S in alcohol). The 
pure acid, treated with alcoholic ammonia, gave ammonium inate as colourless needles (from 
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akcohol), ta +43-2° (6, 29 in 40% alcohol). Voss, Klein, and Sauer record for this ammonium salt, 
(a +43-3" (in 40% alcohol). 


Periodate Oxidation of Glycyrranic Acid.——To a solution of glycyrrhimic acid (74-6 mg.) in a little 
water contaming sodium re (1 equiv.) ©-23s-sodiumm metaperiodate (10 c.c.) was added, and 
the solution was diluted to 50 c.c. and kept at room temperature, 3s being withdrawn for titration 
at intervals. The oxidation was complete after 24 hours, $27 mols. of oxidant per mol. of saponin 
poe been consumed, and 62 equivs. of strong acid (methy!-red indicator) liberated No formaldehyde 
could be found in the solution by the method of Reeves (/. Amer. Chem. Soc., 1941, 68, 1476) 


In another experiment, ammonium glycyrrhinate (177-6 mg.) dissolved in water (5 c.c.) was treated 
with 023u-sodium metaperiodate (25 ¢.c.) and the solution kept at room temperature for 24 hours to 
complete the oxidation. The filtered solution was then treated with n-hydrochioric acid (6 c.c.) and 
late and periodate ions removed by titration with |-2n-sodium arsenite. The solution was buffered 
to pH 7 by adding sodiam acetate, treated with 5% aqueous calcium chloride (1 c.c.), and apt overnight 
The precipitated calcium oxalate, collected, washed, and dissolved in warm dilute sulphuric acid, 
required 18-56 c.c. of 0-02n-potassioum permanganate for its oxidation; this corresponds with 0-88 
mols. of oxalic acid per mol. of saponin. Under similar conditions methy!-8-p-galacturonosde gave 
0-90 mol. of oxalic acid per mol. of glycoside. 


2:3: 4-Triacetyl 6-Trityl cycloHery!-p-0-glucoside.—cycloHexy!l-8-p-glucoside (4-7 g.; Pacsu,/ 
Amer, Chem. Soc, 1930, 6B, 2565) and triphenyimethy! chioride (5 g.) dissolved in dry pyridine (30 c.c.) 
were heated on a boiling water-bath for 2 hours, the solution was cooled to 0°, and acetic anhydride 
(12 «.c.) added. After being kept at room temperature overnight the solution was poured slowly into 
stirred ice-water (21). The suspension was stirred for a further hour, and the solid collected and 
crystallised from ethanol. The 2: 3: 4-triacetyl 6- i cycloheryl-8-p-glucomde (9 g., 72%) had m P 
146-147", (a)f} ~—26-8" (¢, 4-5 in chloroform) (Fou C, 768; H, 69. CosHesO, requires C, 70-7 
H, 68%) 


2.3: 4-Triacety! cycloHeryl-#-v-glucoside.._To a solution of the above trity! derivative (8-8 g.) in 
facial acetic acid (35 ¢.c.) at 10° « solution of hydrogen bromide in acetic acid (3-1 c.c.; saturated at 
1") was added, and the solution was shaken for | minute, and filtered directly into we-water (250 c.c.). 
The resulting suspension was extracted with chloroform, and the extract washed with sodium hydrogen 
carbonate solution and then with water and evaporated under reduced pressure. Crystallisation of the 
residue from ether gave the triacetate (5 ¢., 90%), m. p. 112-—113". 


2:3: 4-Triacety! cycloHery!l.§-p-giucuronoside.—A solution of the above triacetate (2-3 g.) in glacial 
acetic acid (20 c.c.) was added to a stirred solution of potassium permanganate (0-5 g.) in dry acetone 
(20 ¢.c.) and sturring continued for 40 hours whilst more permanganate (1-5 g. in 60 c.c. of acetone) was 
added gradually ‘ suspension obtained after the addition of water (40 c.c.) was centrifuged and 
the supernatant solution evaporated under reduced pressure. The residual syrup was dissolved in 
chleroform, and the solution washed with dilute sulphuric acid and with water, dried, and evaporated. 
The syrup obtained in this way crystallised, and recrystallisation from ether-light petroleum (b 
60.80") gave the giucwronoside (0-7 g %,) as fine needles, m. p. 176—177° (Found: C, 544; H, 70 
Cyl requires C, 53-5, H, 65%) Treatment with diazomethane gave the methyl ester, long 
needies (from alcohol), m p. 136—137°, [a)f —36° (¢, 2 in chloroform) (Found: C, 650; H, 69. 
Cg yOu requires C, 54-8; H. 67%). Por periodate oxidation triacety! cyclohexyl-8-p-glucuronoside 
(45 mg.) was dissolved in dry methanol (10 c.c.) containing sodium methoxide (from 30 mg. of sodium) 
The solution was kept at 6° for 6 hours and then neutralised with w-hydrochloric acid, and the alcohol 
evaporated under reduced’ pressure. After the addition of 0-23m-sodium metaperiodate (5 c.c.) the 
solution was made up to 25 ¢.c. and kept at room temperature, the progress of the oxidation being 
followed by the titration of aliquots. Keaction ceased after 60 hours, when 5-1 mols. of oxidant per 
mol. of glucuronoside had been consumed 


Penta-acety! 4-(a-D-Glucuronosyl) cycloHeryl-§-p-giucuronoside.—Interaction of acetobromo- 
maitose and cyclohexanol in the usual manner gave Aepta-acetyl cyclohexyl-8-D-maltose, m. p. 137 
130°, [a)ff +41-5° (c, 2 in chloroform) (Found: C, 523; H, 66. C,,H,,0,,,H,O requires C, 52-4 
H. 66%). cyeloHexy!-8--maltoside was obtained only as a syrup by the action of methanolic sodium 
methoxile on the hepta-acetate , it was converted by methods exactly similar to those described above 
into 2.3 2°. 3. 4'-penta-acetyl cycloheryl-B-v-malionde, m. p. 159-160" (Found: C, 534; H, 6-9 
Cy HyO,, requires C, 534; H, 67% By oxidation with potassium permanganate the penia-acetyl 
cyclokesrvidtheruronoside was obtained It separated from alcohol as crystals which sintered at 175°, 
m. p. 185-187", [a)ff + 47-2° (c, 2-2 in chloroform) (Found ; C, 49-7; H, 65. C,,H,,O,,,.H,O requires 
Cc, 404. H, 58% Treatment with diazomethane gave the dimethy/ ester, m. p. 160—171° (from 
alcohol) (Found: C, 526; H, 64. C.H,,0,, requires C, 52:2; H, 6-1%) 


For the periodate oxidation the penta-acety! cyclohexyidihexuronoside (75 mg.) was deacetylated 
with methanolic sodium methoxide, the neutralised solution freed from methanol and after the addition 
of 0-23m-sodium metaperiodate (5 ¢.c.) diluted to 25 ¢.c. and kept at room temperature. The oxidation 
was complete after 36 hours, 6-0 mols. of oxidant per mol. of the dighuc mentee) having been consumed 


Trimethyl Giyeyrrdenate Pentamethyl Ether —Ammonium glycyrrhinate (4 g.) dissolved in 40% 
alcohol (0 ¢.c.) was treated with 0-8n-thallous hydroxide (8 mols. per mol. of saponin) and the pale 
yellow precipitate collected, washed, and dred to constant weight at room temperature over phosphoric 
oxkle. The finely powdered thallous derivative was heated under reflux with methyl iodide, with 
exclusion of ight and moisture for § hours, and the suspension filtered. The filtrate was evaporated, 
the residue extracted with chloroform, and the chloroform solution evaporated to a syrup Two further 

a 


methylations of the syrupy product with a todide and silver oxide gave a product which crystallised 
from alcohol in fat leaves. The pure material (2-8 g.. 60%) had m. p. 275—276", (a)]f +34-3° (c, l-L im 
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TT ad (Pound: C, 628, H, 80; OMe, 252. C,H,,O,.H,O requires C, 63-0; H, 84; OMe, 


Methamolysis of Trimethyl Glycyrrhinate Pentamethyl Ether —A suspension of the above compound 
(4-6 g.) in 8% methanolic hydrogen chloride (150 c.c.) was heated under reflux for 12 hours, and all 
dissolved hydrogen c was neutralised with freshly prepared silver carbonate, the 
filtered, and the filtrate ev ted under reduced pressure to a partly ine residue. fter as 
much a yma ofthe methy giyeyerntate had bean moved ty cyyvabant tom te a 
amount of alcohol the mother-hquors were ev d under d to a syrup, which 
distillation at 10 mm. furnished two fractions. Fraction 1 (0-4 g.), b p. 120140" (bath- ay a 
OMe, 52-09%; Fraction 2 (0-9 g.), b. p. 170-190", had OMe, 49-3% Fraction 2 was dissolved 
in warm light petroleum (b. p. 60—S0") the cooled solution depeatinn the methyldihexvronoside dimethy! 
ester pentamethyi ether as long rods,m. p._ 4-95", (a) ff +-36° (c, 2 in chloroform); +38-5* (c, 1 in water) 
(Found: C, 0-3; H, 7-2; OMe, 5300 Coots, requires C, 49-5; H, 7-1; OMe, 51-4% 


Hydrolysts of the Methyldstheruronoside Dimethyl Ester Pentamethyl Ether with W% Formac Aced.— The 
above dimethyl ester (1 g.) and 90% formic acid (30 ¢.c.) were heated together under reflux for 16 hours 
and after evaporation of the solution under reduced pressure the last traces of formic acid were removed 
by repeated evaporation of the residue with alcohol. The syrupy product was heated under reflux for 
12 — with 2% methanolic hydrogen chioride, the acid was removed by treatment with silver 
carbonate, and ~ I~ were removed from the filtered solution under reduced pressure. When the 
residual syrup was distilled at 10°* mm. only one fraction (0-7 g.) was obtained, b. p. 130-140" (bath- 
temp.); this material was kept at 0° for 4 days with methanolic ammonia (10 ¢.c.; saturated at 0") 
When the solvent was removed a solid remained which was extracted with hot benzene (100 c.c.). The 
residue was recrystallised from ethyl acetate, giving the methylhexuronoside dimethyl ether amide (0-13 
g.), m. p. 191—193", (aff + 100° (c, 2-5 in water) (Found: C, 462; H, 7-1; N, 60; OMe, 343 
C,H,,O,N requires C, “ 0; H, 72; N, 60; OMe, 39-5%) Evaporation of the benzene extract and 
crystallisation of the residue rad light petroleum hy p. 100— 120°) gave the amide of a aa tae 
onoside trimethy! ether (0-4 g.) as long needles, m 157— 168", |e ¥ + 106° (c, 1 in water), ,o3 
in chloroform) (Found: C, 48-6; H, 7-3; N, 5-5 P Cale. for CH O.N : C, 48-2; H, 76; *N, 56%). 
These constants were altered neither by sublimation in a vacuum nor by fractional crystalhsation from 
light petroleum (b. p. 100—120°). 


Conversion of the Amide of the Methylhexuronoside Dimethyl Ether into that of the Methyihexuronoside 
Trimethyl Ether. —A stream of dry nitrous fumes was passed through a4 solution of the amide of the 
methylhexuronoside dimethyl ether (0-1 g.) im glacial acetic acid (5 c.c.) till it assumed a manent 
green colour. The solution was kept at 0° for 2 hours and then evaporated under redu re, 
and the residue evaporated repeatedly with alcohol. Methylation of the fg pe with met methyl 
iodide and silver oxide mm the usual way gave a syrup which was mage at 0 with methanolic 
ammonia (3 c.c.; saturated at 0"). Solvents were removed and the residue was cxystaltiend from hgbt 
petroleum (b. p. 100—120°), the amide of the methylhexuronoside trimethy! ether being obtained as 
lang needles, m. p. 163°, [a)}} +110° (c, 1-2 in water). 


Identification of the Methylhexuronoside Trimethy! Ether by the Conversion of its Amide into a Trimethyl 
Pentopyranose.__The amide of the methylhexuronoside trimethyl! ether was deaminated with nitrous 
fumes as described above and the syrupy acid dissolved in ether and treated with an excess of diazo- 
methane dissolved in ether. When the esterification was complete the solvent was removed and the 
product distilled at 10* mm. The main fraction (0-5 g.), b. p. 120° (bath-temp.), was dissolved in dry 
ether and the solution, after the addition of lithium aluminium hydride (0-5 g.), heated under reflux for 
2 hours. The strongly cooled solution was treated with an excess of dilute sulphuric acid, and the acid 
solution extracted aes, with ether for 24 hours. Evaporation of the extract gave a colourless 
syrup which was heated at 95° for 3 hours with n-hydrochloric acid. The acid was removed by treat- 
ment with silver carbonate, ad ssiver tons by treatment with hydrogen sulphide; when the filtered 
solution was evaporated under reduced a colourless syrup remained which had strong reducing 
properties. It was dissolved in water (50 c.c.) and hydr at 120°/100 atm. for 12 bours in the 
presence of Raney nickel catalyst (1g.). After the catalyst been removed and the solvent evaporated 
a non-reducing syrup (0-5 g.) remained which was dissolved in water and treated with a 10% excess of 
0-23m-sodium metaperiodate. After 12 hours »-hydrochloric acid (5 ¢.c.) was added and the iodate 
and excess of periodate were removed by titration with 1-2x-sodium arsenite. The product, isolated 
by continuous extraction with ether, was a syrup (0-3 g.) which had strong reducing properties. F t 
chromatography of this materia] against the four trimethyl a Tanoses in both n-butanol s- 
collidine showed that it contained one reducing substance onl in these solvents travelled at the 
same speed as trimethy! p-xylopyranose. The syrup erystailioed fs from ethy! acetate, giving trimethyl 
L-xylopyranose, m. p. 85-86", undepressed on admixture with authentic material, m. p. 91°, but 
depressed on admuxture with the D-isomer. 


Conversion of the Amide of the Methyihexuronoside Dimethyl Ether into a Dimethyl Hexose.—The 
amide of the methylhexuronoside dimethy! ether (0-3 g.) was deaminated with nitrous fames as already 
described and the free acid heated under reflux with So, methanolic hydrogen chloride (30 c.c.) for 12 
hours so as to convert it into the methyl! ester, This was isolated by removing the acid with silver 
carbonate and ting the filtered solution under reduced pressure to a syrup. A solution of the 
latter in dry ether ether 120 20 c.c.) was added slowly to a solution of lithiom aluminium hydride (0-5 g.) in ether 
(20 c.c.) which was maintained under reflux. Heating was continued for 2 hours, the cooled solution 
was treated with an excess of dilute sulphuric acid, and the syrupy product (0-3 g.) isolated by con- 
tinuous extraction with ether. It was heated at 100° for 8 houre with w-b ydrochloric acid, the acid was 
removed with silver carbonate, and silver ions were removed with Lee many sulphide. Evaporation 
of the finally filtered solution under reduced pressure gave a syrup which crysta allised from isopropyl 
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ouee in long needles, 2 119—120", (a)? +114 4 § minutes) —-> +77-5° (final value, 9 hours) 

1 in water) (Pound: C 1; H, 79. Cale. for C C, 46-1; H,7-7%). An authentic sample 
“3 4-dimethy! D-glucose kindly supphed by Drs. Be Greville had m. p. 113°, (eo) +98° (8 minutes) 
~—> +778" (inal vale, 9 hours) (water). Paper maemaaie of the two samples in n-butanol 
and s-collidine gave additions) confirmation of their entity 


We are grateful to Professor A. K. Todd, F.R.S., for his interest in this work, and to Professor M 
Stacey and Dr Dewar for sam .< methy!-«-p-glucuronoside trimethy! ether and 3: 4-dimethy! 
p-glucose. One of as (5S. T ane rtment of Scientific and Industria! Research for a Maimtenance 
Grant. Assistance from .K Pate in some of the preliminary work is gratefully acknowledged 
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406. Deoxyribonucleosides and Related Compounds. Part II. A Proof 
of the Furanose Structure of the Natural 2-Deoxyribonucleosides. 


By D. M. Brown and B. Lytuoor. 


lon-exchange methods have been used with advantage in isolating the pyrimidine deoxy- 
ribonucleosides from hydrolysates of deoxyribonucleic acd. The behaviour towards periodate 
of the 2'-deoxyribosides of guanine, hypoxanthine, cytosine, and thymine affords proof of their 
furanose structures 


Tne widely-held view that the naturally occurring deoxyribonucleosides have furanose 
structures is based partly on the analogy with the related ribonucleosides, for which such 
structures are well established, and partly on the results of chemical studies of the compounds 
themselves. Levene and Tipson (/. Biol. Chem., 1935, 108, 623) found that the behaviour of 
certain tripheny!methyl and toluene-p-sulphony! derivatives of thymidine indicated a furanose 
structure, and in agreement with this the conductivity of a boric acid solution was not increased 
by the presence of the nucleoside, showing the absence of a cis-1 : 2-glycol system (idem, Z 
physiol, Chem, 1935, 234, v The 2’-deoxyribosides of guanine and hypoxanthine were 
investigated by Makino (Biochem. Z., 1935, 282, 263), using the boric acid method, and found to 
behave similarly 

Attempts to synthesise 2’-deoxyribosides of purines and pyrimidines at present in progress 
in this laboratory made a more rigid proof of the ring-structures of the naturally occurring 
representatives desirable, and we have sought to obtain this by use of the periodate oxidation 
method which was found valuable in earlier work on natural and synthetic ribonucleosides 
(Lythgoe and Todd, /., 1944, 592; Davoll, Lythgoe, and Todd, /., 1946, 833) The 2*-de- 
oxyribosides of guanine, hypoxanthine, thymine, and cytosine required for this work were 
obtained by enzymic hydrolysis of herring-sperm deoxyribonucleic acid. In agreement with 
Zittle (Fed. Proc., 1947, 6, 500), the phosphatase preparation from calf’s intestinal mucosa 
which is usually used for this purpose (Klein, Z. physiol. Chem., 1938, 255, 82; Brady, Biochem 
]., 1941, 35, 855) was found incapable of dephosphorylating the nucleic acid completely, and a 
preliminary treatment with a deoxyribonuclease preparation (McCarty, /. Gen. Physiol, 1946, 
29, 123) was found advantageous. For the separation from the hydrolysate of the purine 
deoxyribosides a method recently described by Schindler (Helv. Chim. Acta, 1949, 32, 979) was 
used successfully, but the chromatographic method which he employed to separate the 
pyrimidine derivatives was found to give only a partial resolution. Improved yields were 
obtained when this method was supplemented by that used by Elmore for the separation of 
cytidine and uridine (Nature, 1948, 161, 931; cf. Harris and Thomas, idid.; J., 1948, 1936). 
This method which consists in the use of a column of a cation-exchange resin (‘' Zeo-Karb 215 "’) 
gave a complete resolution of the two pyrimidine deoxvribosides and also allowed the cytosine 
deoxyriboside to be obtained pure directly, without the need for a preliminary isolation of the 
picrate as in Schindler's method 

If the natural deoxyribonucleosides have a furanoside structure they should be resistant to 
oxidation with sodium metaperiodate solution. In accord with this thymidine and cytosine 
deoxyriboside both consumed only a very small amount of the reagent (<0°1 mol. per mol. of 
glycoside) in 20 hours, after which reaction ceased. A possible explanation of this small but 
real initial uptake of oxidant may be that there was present in the periodate solution small 
amounts of other oxidising species which are non-specific for 1: 2-glycol systems (cf. Head, 
Nature, 1950, 165, 236). The purine deoxyribosides behaved rather unexpectedly, for, whilst 
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beth of them showed a very small initial uptake of the oxidant during the first 20 hours, the 
reaction continued further, instead of terminating as with the pyrimidine compounds. The 
secondary phase of the oxidation of guanine deoxyriboside was rather slow, less than 0-5 mol. of 
oxidant per mol. of glycoside having been reduced after 400 hours, but the further oxidation of 
hypoxanthine deoxyriboside proceeded more rapidly as time went on and after 142 hours 24 
mols. of oxidant per mol. of glycoside had been reduced. The autocatalytic nature of this 
reaction is probably attributable to the very labile character of the glycosidic link in 
hypoxanthine deoxynboside; presumably a slow hydrolysis of this link takes place in the acidic 
reaction medium; the oxidation of the sugar set free in this way would then give rise to formic 
acid, thus leading to an acceleration of the hydrolysis and oxidation. It is significant that this 
phenomenon was not observed at all with the pyrimidine deoxyribosides, where the glycosidic 
link is known to be much more stable to hydrolysis than in the purine compounds. 
These results afford confirmation of the furanoside nature of the natural deoxyribosides. 


EXPERIMENTAL 


Isolation of the Deoxyribonucleosides.—Commercial herring-sperm deoxyribose nucleic acid was 
purified by the method of Sevag, Lackmann, and Smolens (J. Biol. Chem., 193%, 194, 425), and then had 
only a faintly positive biuret reaction and contained P, 7%. Its sodium salt (20 g.), dissolved in water 
(200 ¢.c.), was treated with a _ of deoxyribonuclease (30 mg.), kindly provided by Mrs. B 
Holmes of the Radiotherapeutics Department, and kept for 18 hours. The hydrolysis was then com- 
pleted by the action of the phosphatase of calf’s intestinal mucosa as described by Klein (Joc. cif.) ; after 
44 hours 96% of the total phosphorus present had been liberated as inorganic phosphate. From the 
hydrolysate the purine nucleosides were isolated by Schindler's method (loc. cst.) Guanine deoxyriboside 
was obtained as needles (45 mg.) from water (Found, in materia! dried over phosphoric oxide at 55° 1 mm 
C, 42-1; H, 50. Calc. for C,H,ON,H,O: C, 42-1; H, 5-3%) Hypoxanthine deoxyriboside was 
obtained as small needles (600 mg.) from water (Found : C, 47-6 52; N,22-7. Cale. forC,H,,0,N, 
C, 47-6; H, 48; N, 22-2%) 


Chromatography of the pyrimidine nucieoside-containing fraction on aluminium oxide by Schindler's 
method gave thymidine as long needles (215 ), m. p. 186°, from methanol-ether (Found: C, 40-7; 
H,5-7. Calc. for C O.N,: C, 40-6; H, aro and cytosine deoxyriboside as (85 ), mp 
210°, from methan: her (Found : C, 476; H, 59. Calc. for C\H,,0O,N,: C, 47-6; H, 5-85, 


Separation of Thymidine and Cytosine Deoxyriboside by Cation-exchange Column.—The residues from 
the fractions containing thymidine and cytosine deoxyriboside were combined, dissolved in distilled water. 
and allowed to percolate through a column (10 « lcm.) of “ Zeo-Karb 215 "' resin (The Permutit Co. Ltd.) 
which had been activated by treatment with 3n-hydrochloric acid. The thymidine passed directly 
through the column and was obtained ey: by evaporation of the effluent. After crystallisation from 
methanol-ether it was obtained as needies (1-5 g.), m. p. 186". Elution of the column with 2% aqueous 
pyridine, and concentration of the eluate under reduced pressure gave cytosine deoxyriboside, which 
after crystallisation from methanol-ether formed needles (0-6 g.), m. p. 210°. Treatment of the mother- 
liquors with picric acid gave the picrate (0-27 g. of recrystallised material), from which the free nucleoside 
was conveniently regenerated as follows. A solution of the picrate (100 mg.) in water (50 c.c.) was 
allowed to percolate through a column (10 x 1 cm.) of “ De-Acidite B ’ resin which had been activated 
by treatment with 2n-sodium hydroxide solution. The column was washed with water, and the effluent 
evaporated, crystallisation of residue from methanol-ether giving cytosine deoxyriboside (37 mg.. 
75%) as prisms, m. p. 210°. 


Sodium Metaperiodate Tutrations.—Analytically pure specimens of the nucleosides (ca. 0-20 millimol.) 
were treated with 0-248m-sodium metaperiodate (5 c.c.), and the solution was diluted to 25c.c. with water 
and kept at room temperature, aliquots being withdrawn for titration at intervals. Thymidine and 
cytosine deoxyriboside c« d 0-08 mol. of oxidant per mol. of glycoside during 18 hours; this value 
was unchanged after 92 hours. For hypoxanthine deoxyriboside the following values were obtained 
Mol. of oxidant consumed per mol. of glycoside : after 22 hours, 0-10; 44 hours, 0-33; 94 hours, 0-89, 
142 hours, 2-4. The reaction between guanine deoxyriboside and sod metaperiodate was carried out 
in a solution which was 0-012™. with respect to the oxidant ; after 21 hours 0-08, after 70 hours 0-10, after 
169 hours 0-22, and after 408 hours 0-48 mol. of oxidant had been reduced per mol. of glycoside 
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407. Experiments on the Synthesis of Purine Nucleosides. Part XX VII. 
1: 2:3: 5-Tetra-acetyl v-Xylofuranose and the v-Xylofuranosides of 
Theophylline and Adenine. 


By P. Cuano and B. Lyrucor. 


1: 2:3: 5-Tetra-acety! p-xylofuranose has been synthesised from 5-trity! p-xylose and 
used for the preparation of the §-p-xylofuranosides of theophylline and adenine 


Mernovs for the preparation of tetra-acety! pentofuranoses have been investigated in this 
laboratory because of the potential value of these compounds in the synthesis of furanose 
derivatives in general and of nucleoside analogues in particular; the preparation and the uses 
of tetra-acetyl p-ribofurancse have been reported in earlier papers of this series and recently 
(Bristow and Lythgoe, /.. 1940, 2306) we described the preparation of tetra-acetyl D-arabo- 
furanose and its conversion into a-b-arabofuranosides of theophylline and adenine. These 
glycosides, and the corresponding xylofuranose analogues, are of particular interest in that they 
have a frans-1 : 2-glycol system, and should be able to form epoxides which might be of value in 
in the related field of deoxyribonucleoside synthesis (cf, Davoll and Lythgoe, J., 1949, 2526) 
With this in mind we undertook the preparation of the p-xylofuranosides of theophylline and 
adenine 

The methods used in this work follow those found effective for the corresponding arabinose 
analogues, with modifications in detail. A necessary intermediate, 2: 3: 4-triacety! 5-trityl 
p»-xylose diethyl mercaptal (1; RK = Ac), was prepared by Wolfrom, Quinn, and Christman 


CH(SEt), . CH-OAc 
H OAc o 
Ac H i 


H - H 
CHyO-CPh, CHyO-CPh, CHyOAc 
(1) I Il 


(J. Amer. Chem. Soc., 1935, 57, 713); in the Experimental section a modification of their 
procedure is described which gives this compound in an overall yield of 55%, from p-xylose. The 
sytupy compound (I; RK « H) obtained by deacetylation was converted by treatment with 
mercuric chloride and mercuric oxide in aqueous acetone into crystalline 5-trityl p-xylofuranose 
(Il; R « H) 

The amorphous triacetate (II; RK =< Ac) gave, on treatment with acetyl bromide by 
Hredereck and Hoeptiner's method (Ber, 1048, 81, 50), 1: 2:3: 5-tetra-acetyl p-xylofuranose 
(111) which failed to crystallise, probably owing to the presence of both a- and $-forms. It was 
converted by ethereal hydrogen chloride into 2 : 3: 5-tnacetyl p-xylosyl chloride which, without 
being isolated pure, was used directly for the synthesis by standard methods of 7-$-p-xylo- 
furanosyltheophylline (1V R = C,H,O,N,) and 9%-6-p-xylofuranosyladenine (IV; KR = 
C,H,N,). The configuration and ring-structure of these compounds was established by periodate 
oxidation, thus the theophylline compound consumed one molar proportion of the oxidant, 
gave no formic acid, and was converted into a crystalline dialdehyde, identical with that isolated 


after similar oxidation of 7-6-p-glucopyranosyltheophylline (Lythgoe and Todd, J., 1944, 584). 


EXPERIMENTAL 


3 4-Triacety! 5-Trityl D-Xylose Diethyl Mercaptal.—Crude syrupy b-xylose diethyl mercaptal, 
prepared from b-xylose (47-5 ¢.) by the method of Wolfrom, Newlin, and Stahly (/. Amer. Chem. Soc., 
193), 683. 4379), was dissolved in pyridine (150 c_c.), and the ice-cold solution treated with acetic anhydride 
200 ¢ ¢.), kept at room temperature for 24 hours, and poured into ice-water (31.). The product was 
extracted with chloroform. and the extract, after being washed and dried in the usual way, was evaporated 
under reduced pressure to a thick syrep which was then distilled at 1@* mm. The distillate collected 
between 150° and 165° (bath-temp.) crystallised completely to a solid (89 g., 76%), m. p. 40-—42 

Woltrom, Newlin, and Stahly give for tetra-acety! D-xylose diethy! mercaptal, recrystallised from aqueous 
methanol, mp. 46-445 The tetra-acetate (19-6 g.) was kept for 12 hours at room temperature with 
6% methanolic ammonia (140 ¢ c ), solvents were removed under reduced pressure, and the residual 
syrup was dried by Fa pe with dry benzene. It was then dissolved in dry pyridine (50 c.c.), tri- 
phenylmethy! chloride (12-6 g.) added, and the solution kept at 20° for 24 hours and finally at 40° for 
S hours. Acetic anhydride (40 ¢.c.) was added to the cooled solution, which was then kept at 40° for 
24 hours, cooled, and poured into ice-water, The product, isolated by extraction with chloroform in the 
usual way, was a — from in plates (22-7 g., 79%), m. p. 149-—150°. 
Wolfrom, Quinn, and C man (Joc. cit.) record for this compound m. p. 150°. 
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5-Trityl p-X ylofuranose.—A solution of the above triacetate (42-5 g.) in chloroform (400 c.c.) was 
cooled to 0° and stirred mechanically whilst 0-4x-methanolic sodium methoxiile (250 c.c.) was added 
slowly. The solution was kept at 0° for 12 hours, then shaken with several of tce-water until 
the phase was clear, the aqueous phases were extracted with a li chloroform, and the 
combined chloroform extracts dried and . The 5-trityl p-xylose diethy! mercaptal 
could not be obtained crystalline, so it was im acetone ¢.c.) and water (33 c.c.), and the 
solution stirred vigorously with mercuric oxide (65 g.) whilst a solution of mercuric chloride (73-5 g.) in 
acetone (115 c.c.) was added during 2 bours. Stirring was continued for 24 hours, the solution filtered, 
and acetone removed from the filtrate under reduced re. The residue was diluted with water 
nd nwo and omnes aqueous 


trap 3%) ao chestare of ssodien, m. p. 14 


90 minutes) (c, 3-17 in pyridine) (Found : C, 73-0; ". 6-8. CMO, requires C, 73-4; H, 62%). The 
crystalline material is clearly an a-form. 


1:2: 3: 6-Tetra-acetyl v-Xylose —antemesnorans One ), pyridine (35c.c.), and acetic anhydride 
(25 c.c.) were kept together at room temperature for 2 hours and the solution was slowly into 
cold water with efficient stirring. The white solid was collected and dissolved in hot alcohol. 
and the solution poured slowly into ew stirring. 2:3: 6-7) ae D-rylofuranose 
(17-5 g.), which could not be crystallised, had [a)}? +33° (c, 1-9 in alcohol) (Found: C, 601; H, 5-7 
Cael O» requires C, 69-5, H, 5-8%). It was dissolved in acetic anhydride (32 c.c.) and to the solution 

ety bromide (5-2 cc.) was . After 30 minutes the solution was filtered Sone triphenyimethy! 
cin and the filtrate poured into ice-water (1 |.), whereupon triphenylcarbinol separated and was 
filtered off. The filtrate was extracted with chloroform, and the extract washed first with sodium 
hydrogen carbonate solution and then with water, dried, and evaporated under reduced pressure. The 
residue was distilled at 125—140° (bath-temp.)/6 x 10° mm., |: 2: 3: 5-tetva-acetyl v-rylose — 
Sees 0 ree (7-4 &., 69%), («)}f +56° (c, 2-17 in alcohol) (Found: C, 401; H, & 

CysH, 0, requires C, 40-0; H, 5-7%). 


1-8-p-X ylofuranosyitheophylline.—A solution of the above tetra-acetate (1-18 g.) in ether (20 c.c.) was 
saturated with dry hydrogen chloride at 10° and kept at 0° for 4 days. The ether was then removed 
under reduced pressure and the residue evaporated thrice under reduced pressure with dry benzene in 
order to free it from hydrogen chloride. To the product a suspension of d eS silver (2 g. be in 
dry xylene (40 c.c.) was and the mixture was boiled under reflux for 2 hours and then filtered, and 
the filtrate evaporated to dryness under reduced pressure. The syrup so obtained did not crystallise 
and was therefore deacetylated treatment with 6% methanolic ammonia (50 c.c.) at 0° for 24 hours. 
Evaporation of the solvent crystallisation of the residue from water (2 c.c.) gave 7-8-p- 


aylo- 
furanosyltheophylline as needles (570 mg.. 50%), e2 230—232 +-38° (c, 0-87 in water) (Found : 
C, 46-3; H, 61; N, 180. C,,H,,O,N « Fequires C, 1; H, 82; N, 7-9%). 


Oxidation of a portion of this material (75 mg.) with sodium metaperiodate (ca. 024m.) required 
3 days for completion, and 1402 mols. of oxidant per mol. of glycoside were reduced. The reaction 
— deposited crystals which were dred in a vacuum-desiccator at room temperature and then had 

-- 37° (c, 0-45 in water) and m. p. 206° (decomp.), undepressed on admixture with a specimen of the 
dia chyde obtained from theophylline glucoside by L ythgoe and Todd (loc. est.). 


9-8-v-X ylofuranosyladenine.—-Crude triacetyl pb-x ee chloride, prepared from tetra-acetyl 


p-xylofuranose (2-5 g.) as described above, was boi x for 5 hours with a suspension of dry 
2 : 8-dichloroadenine silver (2-5 g.) in xylene (#0) c.c.) Tous the cooled and filtered solution light petroleum 
(250 c.c.; b. p. 60-—80") was added and the precipitate collected, washed with more light 
penne and dried in the air. It was then with 10% methanolic ammonia (100 c.c.) at 0° for 
8 hours, solvents were removed under reduced pressure, and the residue was 3 lem) whl from water, 
whereby 2 : 8-dichloro-9-8-D-rylofuranosyladenine was obtained as needles (1 %) which darkened 
and frothed at ca. 140° but had no definite m. p.; it had (a) — 13-8" (c, 0-22 in Fehon (Found : C, 35-3; 
H, 34; N, 20-3. C,,H,,O,N,Cl, requires C, 35-7; H, 3-3; N, 20-89%). 
When a portion (82 mg.) was treated with sodium mstapertedate solution, 0-99 mol. of the oxidant 
+ mol. of glycoside was reduced after 7 days, and the fission product in the solution had [M)p + 11,300°. 
Pavoll, Lythgoe, and Todd (/., 1948, 967) record for the fission product from 2 : 8-dichloro-9-8-p-ribo- 
furanosyladenine, |M)p» +9,200", In view of the length of time which the fission product in the present 
work was necessarily in contact with the oxidant, these values are in reasonable agreement. 


Dehalogenation of the xyloside was achieved catalytically. A portion (480 mg.) in water (100 c.c.) 
containing N-sodium hydroxide (3-6 c.c.) together with 5% barium sulphate (1 g.) was 

rs the theoretical amount (2- on ) of ad ccm _ was liberated, 

had been absorbed; the ——- To 

ved in 

> evaporated, and the residue deacetylated 

by methanolic barium methoxide. The 9-8-p-xylofuranosyladenine so obtained formed a glassy solid 

( mg., 58%), ), Lal = 19" i, 1-2 in water), which could not be obtained c line as such, but was 

verted into 


con the picrate, yellow (from water), m. p. 210° ( oon ber. 43" (c, 0-62 in ) 
(Found : C, 38-7; H, 36; N, 22-5. B CoM wOANEC iON, requires C90 33; N, 22-69%). 

es denies Sennen hi: W Dae; Winn Wir the eet tn Oth Sak ee ss Wein Tran tet 0 
grant (to P.C.). 
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408. The Polysaccharides of Carragheen. Part 111. Confirmation of 
the 1: 3-Linkage in Carragheenin, and the Isolation of L-Galactose 
Derivatives from a Resistant Fragment. 


By R. Jounstow and E. G. V. Pexcivar 


Carragheenin, after partial hydrolysis with oxalic acid, yielded a dialysable degraded 

yeaccharide from which 25%, of the original sulphuric ester groups had been removed 

4: 6-Trimethy! galactose, accompanied by tetramethy! galactopyranose and 2. 6-dimethy! 
galactose, was produced on hydrolysing the methylated degradation product, thus supporting 
the viows conclusion that the principal linkage is through C,,, and C,,, with the sulphate 
r ue on C 

On treatment of carragheenin with methanolic hydrogen chloride at room temperature a 
residue (16%) with a low sulphate content (1-5%) remained, whilst methylgalactosides and 
«x<liam methy! sulphate, etc, dissolved. The resistant fragment ({a)p --5°) gave an acetate 
which on deacetylation and methylation gave a methy! derivative, among the products of 
hydrolysis of which were identified 2.3: 4. 6-tetramethy! and 2: 4: 6-trimethy! t-galactose, 
as well as smaller quantities of the corresponding p-galactose derivatives, 2° 4-dimethy! 
b-galactose and trimethy! p-xylopyranose. Some implications of these results are discussed 


in Parts I and Il of this series (/., 1943, 51; 1947, 1622) the isolation of 2: 6-dimethy! 
b-galactose from the methylated polysaccharides prepared from Chondrus crispus and Gigartina 
stellata extracts, respectively, together with the stability to alkaline hydrolysis of the 
sulphate residues, provided evidence that the principal linkage between p-galactose residues 
in carragheenin was through C,, and C,,, with the hydroxy! group on C,, esterified by 
sulphate. Further support for this view has now been obtained in the isolation of 2 : 4 : 6-tr- 
methy! galactose from specimens of carragheenin which had been partly degraded by treatment 
with dilute oxalic acid aad then methylated and hydrolysed. The degraded carragheenin 
which was soluble in 80% ethanol-water and was of a sufficiently small particle size to pass 
through a cellophane membrane by dialysis, had lost 25% of its original bound sulphate. After 
methylation, hydrolysis, and glycosile formation followed by continuous extraction with suitable 
solvents, mixtures of methylglycosides of tetramethy! p-galactopyranose (ca. 12%) and 2: 4: 6- 
trimethy! p-galactose (ca. 18°.) were separated from 2 : 6-dimethy! methylgalactomdes which re 
mained in the aqueous solution. Although the free sugars isolated on hydrolysis were hom 
geneous when examined on the paper chromatogram and readily gave crystalline aniline 
derivatives several recrystallisations were necessary before pure crystalline products were obtained 
In the light of the results which follow, it seems highly probable that there was some contamin- 
ation by the corresponding enantiomorphs. The main conclusion to be drawn from these 
experiments, however, is that the 2: 4° 6-trimethy! galactose is derived from units linked 
through C,,,, and that these residues formerly carried a sulphate group on C,,,, since the main 
product of the hydrolysis of methylated carragheenin is 2 : 6-dimethy! galactose 

Carragheenin cannot be represented simply by a chain of galactose units linked through the 
1: 3-positions. When the polysaccharide is shaken with 1% methanolic hydrogen chloride at 
room temperature the greater part dissolves with the production of methylgalactosides and salts 
of methylsulphuric acid. An insoluble residue (ca. 15°.) remains, however, which is practically 
devoid of sulphate and, in contradistinction to the original carragheenin ([a),, + 63°) has a 
slightly negative rotation ( «|, — 5°) which is enhanced in magnitude in its acetyl! and methy! 
derivatives. Hydrolysis followed by chromatographic analysis showed galactose (70%) to be 
the principal constituent of this resistant material but xylose (ca. 7°) was present also, the 
amount being in reasonable agreement with the pentose content of the original polysaccharide 
(Part I, Joc. cit.). Methylation proved to be difficult, and the product of the highest methoxy! 
content (OMe, 40°9°%,) was prepared from a specimen of the acetate by deacetylation and 
methylation. Hydrolysis of this methylated substance and analysis by quantitative paper 
chromatography gave tetramethy! galactopyranose (1 part), 2: 4: 6-trimethyl galactose (2:3 
parts), and 2: 4-dimethy! galactose (15 parts). Separation on a powdered cellulose column 
(Hough, Jones, and Wadman, /, 1949, 2511) gave crystalline trimethyl p-xylopyranose 
(ca. O4 part), tetramethy! galactopyranose (ca. 1 part), 2: 4: 6-trimethy! galactose (ca. 2°8 
parts), 2: 4-dimethy! galactose (ca. 1°3 parts), and momomethyl galactoses (ca. 1 part). In 
view of the scale of this experiment it is not claimed that the relative proportions indicated are 
more than rough approximations. The figures for the last three sugars listed are indeed almost 
certainly too low since certain mixed fractions containing these were not analysed. The 
trimethy! xylopyranose may have been derived from a contaminating xylan such as that found 
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im the red seaweed, Rhodymenia palmata (Barry and Dillon, Nature, 1940, 146, 620), and it 
cannot be assumed that a p-xylopyranose end-group is present in the galactan. 

The tetramethyl! galactopyranose had (a), —43° and gave a crystalline aniline derivative, 
m. p. 185— 187° depressed to 175° on admixture with tetramethy! p-galactopyranose anilide. On 
recrystallisation almost pure tetramethy! .-galactopyranose anilide was obtained, and from the 
specific rotation of the original syrup it is concluded that ca. 70% of the tetramethy! galactose 
in the mixture was the L-form 

The trimethy! galactose which was identical with 2 : 4: 6-trimethy! galactose on the paper 
chromatogram gave a crystalline aniline derivative, m. p. 165°, from which with some difficulty 
a specimen, m. p. 174°, was obtained which was principally 2: 4: 6-trimethyl 1-galactose 
anilide. The original sugar failed to crystallise, unlike the readily crystallisable 2: 4 : 6-tri- 
methy! p-galactose, and from the observed specific rotation ({a), -- 43°) it was presumed to 
contain ca. 75% of the L-isomer 

The dimethyl galactose gave a good yield of 2: 4-dimethy! p-galactose anilide, and no 
evidence for the presence of the L-isomer was found in this case 

The list of constituents in the mixture of methylated sugars obtained on hydrolysing the 
resistant fragment of carragheenin, after methylation, must be revised as follows; the relative 
proportions indicated being rough approximations only. Trimethy] p-xylopyranose (1 part), 
tetramethyl p-galactopyranose (1 part), 2: 4: 6-trimethy! p-galactose (2 parts), 2: 4-dimethy! 
p-galactose (4 parts), tetramethy! L-galactopyranose (2 parts), and 2: 4 : 6-trimethyl t-galactose 
6 parts). The monomethy! galactoses were probably a mixture of 2-methyl and 4-methyl 
galactose but no structural significance is attached to this fraction at present in view of the 
possibilities of incomplete methylation and of demethylation during hydrolysis. Carragheenin 
could, therefore, be depicted as a complex structure based on a resistant backbone relatively 
rich in L-galactose residues, branched, as witness the high proportion of terminal groups, the 
branching-points being p-galactose residues linked through C,,,, C,., and C,,, and with inter- 
mediate p- and L-galactopyranose units linked through C,,, and C,. To this backbone which 
constitutes about one-sixth of the whole molecule, chains of 1 : 3-linked p-galactose units having 
sulphate groups on C,,, would be attached to those residues appearing as terminal groups in the 
exposed resistant skeleton. There is indeed no reason to deny that both p- and L-galactose 
units could co-exist in the same polysaccharide as in the snail galactogen of Bell and Baldwin 
(J., 1941, 125), and it may be recalled that p- and L-galactose derivatives have been isolated on 
several occasions from seaweed polysaccharides, ¢¢., from Porphyra laciniata (Tollens, Ber., 
1901, 34, 1422), Porphyra tenera (Miwa, Jap. J. Bot., 1940, 11, 42), and agar (Jones and Peat, 
]., 1942, 225; Forbes and Percival, ibid., p. 1844). The possibility still exists, however, that 
carragheenin is a mixture, and that the resistant residue is a separate polysaccharide; we have 
not vet succeeded in giving a definite answer to this question 


EXPERIMENTAL. 


The Partial Hydrolysis of Carragheenin —The Chondrus crispus polysaccharide (hot extract) prepared 
as described in Part I (Joc. cat.) (9 g.) in oxalic acid (400 ¢.c.; 01x.) containing potassium oxalate (0-05m.) 
was heated at 100° for 4 hours in an atmosphere of nitrogen. On being poured into ethanol (800 c.c.) a 
precipitate (0-8 g.) was obtained which was removed, and no further precipitate appeared on dilution 
with a further quantity of ethanol (21.). After neutralisation with barium carbonate, filtration, and 
concentration at 30°/15 mm., a glass (7-8 g.) was obtained which contained 5% of free gala tose 
(estimated as the phenylmethylhydrazone). When the glass, dissolved in water, was dial) for five 
days, the water being changed daily against distilled water, using a cellophane membrane, and all the 
solutions evaporated, 81% of the oo was recovered. Free sulphate ions were absent; [«)}‘ 

+ 22-5 (c, 1-8 in water) (Found : SO,, 17-90% 


Methylation Ye The glass (7 ;: g.) was methylated as described for maitose (Haworth and 
Leitch, ]., 1919, ), with methy! sulphate (114 c.c.) and sodium SP nee ethy ney + (111 c.c.; 30%), the final 
reaction mixture being just alkaline. Extraction with chloroform gave a brown syrup (0- ¢) which 
was chiefly tetramethyl methylgalactopyranoside, as shown A rolysis and analysis on the paper 
aounaen (this substance arose from the free galactose whic : contaminated the starting material) 
The extracted solution was then poured into ethanol (¢ volumes) and the precipitated salts removed by 
a bee gees poe The solution was then evaporated to dryness, and the product 

and extracted with ethanol to give a yellow glass (5 g.) (Found: OMe, 


This product was treated with thallous ethoxide (15 g.) in ethanol-benzene (1: 1), and the thallium 
complex precipitated on “ H " Super Cel by Tyr The powdered material was 


boiled with ES muthyi iodide (150 g.) until no longer After filtration the residue was exhaustively 


extracted with acetone, mary ee clan ab, ae ation gave a brown glass (3-5 g.); (a) 
+21° (c, 1-0 in chloroform) (Found . OMe, 41-6 : 
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ee and Glycomde | ormation — The ee aan Bg) a anmnane (120 c.c.; 5s.) was 
h at 100° for 15 hours in the e of (20 c.c.) to prevent undue access of air. 
Neutralisation with barium carbonate, ton, and evaporation gave a product which was boiled with 
methanolic hydrogen chioride (70 «.c.; 3%). The brown sol was then neutralised with silver 
carbonate and evaporated to give a brown syrup (25 ) 


Fractionation of the Mixture of Glycoudes. —The (2-5 g.) in water (90 <.c.) together with a little 
bartum carbonate was extracted with ight roleum Pp o #0") in a continuous extractor (Browa 
and Jones, /., 1947, 1344) to give, after 19 rs 0-48 g., and after 24 hours a further 0-03 g. of syrup; 
these products were combined (1). The solution was then transferred to the apparatus for extraction 
by solvents heavier than water, and extracted with chloroform to give (2), 1-11 g. after 46 hours, 0-02 g 
only of this being extracted in the last 24 hours. The aqueous solution was evaporated to give a mixture 
of a syrup and inorganic material (3) 

Examination of Fraction (1) —Fraction (1) was distilled at 96-95" (bath temp.) /0-01 mm. to give a 
liquid (0-34 ¢ ), wi? 1-453% (1a), and a smaller fraction (0-06 ¢ ), n}f 1-4570 (1 6) (Found: OMe, 50-5%) 


Fraction (la) in sulphuric acid (30 ¢.c., ».) was heated at 100° for 6 hours. After neutralisation 
with barium carbonate aad the usual treatment a reducing product was obtained (0-3 g.); [a)}? +67° 
(¢, 33 in water) (Found: OMe, 500. Cale. tor Cygt er OMe, 52-5%). This substance (0-1 g.) in 
ethanol (5 ¢.c.) was treated with aniline (0-05 g.) at 80" for 1-5 hours. On evaporation (to 3 c ef and 
cooling, there were obtained the characteristic needles of tetramethy! galactopyranose anilide, m_ p. 176 
depressed to 157° on admixture with 2 : 4: 6-trimethy! p-galactose anilide (m. p. 175"), raised to 188° on 
aimixture with tetramethy! p-galactopyranouse enilide. Recrystallisation from ethanol gave a product, 
m. p. 186—-185" not depressed on admixture with tetramethyl b-galactopyranose anilide (m. p. 193°) 

Fraction (16) on hydrolysis and examination on the paper chromatogram gave a spot Kg 0-67 identical 
with a control of 2: 4: 6-trimethyl galactose; a minute trace of tetramethyl galactopyranose was also 
detected 

Examination of Fraction (2)..-Fraction (2) on distillation gave the following sub-fractions 
(0-11 g.), b. p. 92-07" (bath temp.) 0-07 mm., a}? 1-4575 (Found : OMe, 51-0%); (2b) (0-33 g 
97.107" (bath temp.)/0-01 mm., »}f 1.4602 (Found : OMe, 51-3%); (2c) (0-13 g), b. p. 107 
(bath temp.) 0-01 mm., #]f 1.4697 (Found ; OMe, 448%); and (24) residue (0-5 ¢ ) 

Fraction (2a) in a acid (10 c.c.; ».) for 4 hours at 100° changed from [a)}f + 58° —»> 
Conversion into the aniline derivative gave an impure product (m. p. 130-—146°, raised to 160° on being 
washed with ether-ethanol). The crude derivative, dissolved in light petroleum-chioroform (6: 1), was 
passed through a short columa of activated alumina (5 x O-7cm.). The first volume of eluate on evapor- 
ation gave a product (5 mg.), m. p. 172° unchanged on admixture with 2 : 4: 6-trimethy! p-galactose 
anilide (m. p. 175"), The mother-liquors obtained from the recrystallisations and washing esses 
were evaporated and hydrolysed with sulphuric acid (O-I~.) at 100° for 3 hours, and, after neutralisation, 


the free sugars (0-23 g.) were extracted using ether Examination on the paper chromatogram by 


direct comparison with an authentic specimen showed 2. 4° 6-trimethy! galactose to be the only reducing 
Component 


Fraction (2b) showed [a)fJ +69" (¢, 3-3 in ~-sulphuric acid) after 5 hours at 100°. The isolated 
sugar gave an aniline derivative, m. p. 168° not depressed on admixture with 2: 4: 6-trimethy!l 
D-galactose anilide but depressed to 145° on admixture with 2:3: 4-trimethy! p-galactose anilide 
(m. p. 169") 

Fraction (2c) had [«)}f +66" (c, 1-3 in ~-sulphuric acid) after 4 hours at 100°. Examination of the 
isolated sugar on the paper chromatogram showed 2. 4. 6-trimethyil galactose to be the only component 


The residue (24) was extracted with hot water, the solution evaporated, and the syrupy residuc 
(0-08 g.) hydrolysed and examined on the chromatogram. 2: 6-Dimethy!l galactose (Rg 0-51) and 
2. 4: 6-trimethyl galactose (Ry 0-67) were found to be present 


Exammation of Fraction (3).—.This mixture on extraction with cold ethanol and evaporation of the 
extracts gave a “yellow glass (0-55 g ) (Found : OMe, 16-8%,). This still contained inorganic matenai 
Hydrolysis and examination on the paper chromatogram showed the principal sugar component to be 
2 6-dimethy! galactose 


Isolation of a Resistant Fraction from Carragheenin.——Dry, powdered, carragheenin (hot extract from 
Gigartimna) (08 g ) was shaken vigorously for 24 hours at room temperature with methanolic hydrogen 
chioride (920 c« i% The residue was removed on a sintered-glass filter and washed with 
dry methanol (3-7 g.) This product was then purified by four further treatments with methanolic 
hydrogen chloride, and, after being washed with methanol, dissolved in warm water in the presence of 
barium carbonate and centrifuged ; concentration and precipitation m ethanol gave a substance (R) 
(2-1 g ) which had «jff —5° (c, 1-3 in water), + 19-4" after 18 hours at 100° in 0-5s-sulphuric acid [Found 
SO, 14; H,O (microZerewitinow), 9%). Analysis of the hydrolysate by the paper chromatogram 
(Flood, Hirst, and Jones, /., 1945, 1678) gave galactose 71 and xylose 7% 

The methanolic solution was neutralised with silver carbonate, filtered, and treated with hydrogen 
sulphide, the excess of which was removed by aeration; the solution was neutralised with barium 
carbonate, filtered, and evaporated to dryness. The non-reducing colourless glass (7-1 g.) had [a)}? + 13°, 
rising to +31° on hydrolysis with sulphuric acid (0-5n.) (Found: SO, 288; OMe, 16-6; galactose 
(pheuylmeth ylhydrazone) 40%, 


No sugar other than galactose could be detected in the hydrolysed material, and a search for organi 


acids using ton-exchange reans proved abortive. Barium dumethy! disolphate was wolated by a 
solution of the glass through “ Zeo-Karb H.1." and the acid solution was then percolated through a 
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column of “ Deackdite B.”" The neutral solution so obtained gave on evaporation a glass which on 
hydrolysis gave 725% galactose by quantitative chromatogram. When the “ Deacidite B‘ column 
was treated with barium hydroxide (0-2~.) and the excess removed by carbon dioxide, after filtration, 
evaporation, and extraction with aqueous ethanol crystalline barium methy! sulphate was isolated. 

The Acetylation and Methylation of the Resistant Fraction.._The substance R (10 g.) was acetylated 
by a modification of the method of Pacsu and Mullen (/. Amer. Chem, Soe, 1941, GB, 1487). After 
dissolution in water, addition of pyridine and dehydration by distillation with the addition of more 
pyridine, the product was gelatinised by addition of ine (240c¢.c.). Acetic anhydride (190 ¢.c.) was 
then added with vigorous mechanical stirring and after being stirred ht the mixture was heated 
at 60° for 30 minutes. A small quantity of insoluble gel was removed by centrifugation, and the 
remainder poured into ice-water and the precipitate (4) filtered off and washed with water. The insoluble 
residue did not dissolve on further acetylation at 70° and was also precipitated in ice-water (8). (A) 
(8-2 g.) had [e}ff —39° (c, 1-0 in acetone) (Pound: Ac, 36-5). (5) (0-8 ery Ac, 21-4; ash, 4%) 
(A) in chloroform (200 c.c.) was treated with light petroleem (b. p. 40-60", 60 cc.) to give (a) (1-44 8.; 
Ac, 360%); with a further 30 c.c. (6) 3-55 g. (Ac, 301%); on evaporation (c) 2-24 g., («)}f — 
¢, 2-2 in chloroform) (Found: Ac, 40-6%). 


A mixture of (6) and (c) (45 g.) was simultaneously deacetylated and methylated as for glyc« 
acetate (Haworth and Percival, f. 1932, 2279). The solution obtained after treatment with ioeiiet 
sulphate and sodium hydroxide was extracted with chioreform, and the product obtained on evaporation 
ot the chloroform extracts was methylated three times with methyl! iodide and silver oxide to give a 
product (1-25 g.), [a)}? —34-5° (c, 20 in chloroform) (Found : OMe, 25-1%). 


The aqueous solution was neutralised with acetic acid and evaporated to crystallisation. After 
filtration the aqueous solution was dialysed, evaporated, and remethylated with sodium hydroxide and 
methyl! sulphate, and the product obtained by extraction with chloroform was added to the material 
extracted from the c line residue ethanol; the mixture was methylated twice with methyl 
iodide and silver oxide to give further partly methylated material (0-8 g ), [a }? — 49° (c, 240 in chloroform) 

Found : OMe, 32-2%). This product was added to that obtained by the original chloroform extraction, 
and the mixture remethylated with methy! sulphate and sodium hydroxide. After dialysis a glass (X) 
(1-37 g.). (a)? —50° in chloroform, was obtained (Found : OMe, 40-9%) 

Attempts to obtain a better yield of the methylated product by direct methylation with sodium 

hydroxide and methy! sulphate under nitrogen were unsuccessful 


By using the thallium method (Hirst and Jones, /., 1938, 502) the polysaccharide (3 g.) on treatment 
with thallous hydroxide (45 ¢.c.; N.) gavea um complex (8-1 g.) which was filtered off and dried by 
treatment with ethanol-benzene and removal of the solvents at 25—30° (diminished pressure). The 
product was ground and boiled for 7 days with methy! iodide containing 10% methanol. Extraction of 
the neutral solid with water, after removal! of methyl iodide by distillation, gave a product (2-4g.) (Fonnd 
OMe, 17-7%). This was dissolved in dry methanol and thallium ethoxide (1-25 ¢.c.) in benzene (25 c.c.) 
was added at 0°. After filtration the solid was dried and boiled for 4 days in methyl iodide containing 
methanol (5%). Extraction with boiling acetone gave a pale yellow glass (Y) (Found: OMe, 35.3%). 
Five treatments with methy! iodide and silver oxide failed to increase the methoxy! content 


The Hydrolysis and Analysis of the Methylated Pragment...The giass (X) (1-37 ¢.), in methanolic 
hydrogen chloride (80 c.c 2%), was boiled for 36 hours at 70 After neutralisation with silver 
carbonate a brown syrup (1-34 ¢.) was obtained. This product in sulphuric acid (25c.c.; ».) was heated 
at 100° for 7-5 hours in an atmosphere of nitrogen, and the solution neutralised with barium carbonate, 
filtered, and evaporated at 30°/15 mm. to give a golden syrup (1-11 g.). Analysis on the paper chromato- 
gram using alkaline iodine (Chanda, ef a/., /., 19650, 1289) gave the following sugars in the approximate 
molecular proportions indicated: tetramethyl galactopyranose (1 part), 2:4: 6-trimethy! galactose 
(2-4 parts), 2: 4-dimethy! galactose (1-5 parts), as well as trimethyl xylopyranose and monomethyl 
galactose(s) in smaller proportion 


Separation on the cellulose column. The sugars (0-86 g.) were separated on a column of powdered 
cellulose (35 x 3-25 cm.) by using a 7: 3-mixture of petroleum (b. p. 100—120°) and butanol (water 
saturated) (Hough, Jones, and Wadman, /oc. cit.). Samples (ca. 4 c.c.) were collected at intervals of 
6 minutes. After the collection of 500 tubes the column was allowed to drain, and a4. 1-mixture of butanol 
(water-saturated) and ethanol was used for elution, the time interval being adjusted gradually to 24 
minutes. The contents of every tenth tube were evaporated and examined on the paper chromatogram, 
the Og being developed with saturated aniline oxalate solution. The following fractions were 
isolatec 

I (161—220), Re 0-956; II (321-340), Rg 0-805; IIT (371300), Rg OBS; TV (521-503), Rg 0-79; 
V (504600), Rg 0-79, 0-67; VI (601-620), Rg 0-67; VII (621-639), Rg 0-67, 0-60, 0-52, 0-44; VIII 
(640—668), Ra 0-44; 1X (669-690), Rg 0-44, 0-19; X (691-721), Rg O19. Tubes 722-786 showed 
the presence of traces of xylose and galactose. 


E tion of fractions. Fraction 1 (0-034 g.), [aff +4-18° (c, 3-0 in water), epriins emetenins 
it had m. p. 89° not depressed on admixture with authentic trimethy! D-xylopyranose with it was 
identical on the chromatogram. 


Fraction II (0-01 g.) was a waxy substance which, on extraction with water, gave no spot on the 
chromatogram. 

Fraction LI (0-087 g.), (a)? ~—43° (Found: OMe, 50-5. Calc. for C Og: OMe, 52-5%). It 
was chromatographically identical with tetramethyl galactopyranose. The derivative m 


185-——187° depressed to 174° with tetramethyl papeeenees anilide. On recrystallisation ee 
product had (af +70° (c, 0-4 in acetone), m. p. rf at depressed to 173—-176° on admixture with 
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tetramethy! p-galactopyrancee anilide (4 » —80° in acetone) (Found: N, 46. Calc. for C,,H,,O,N 
N, 45%) 

Fraction [V (0-036 g.), (a)ff +47", was not identified. 

Fraction VI (0-226 ¢ ), (al —43° (¢, 22 in water) (Found - OMe, 40-3. Cale. for C,H,,0,° OMe 
410%). It was we ey ally identical with 2: 4: 6-trimethyl galactose. This syrup (0-03 « 

ve an aniline derivative ( 2g). m.p. 166° (4)? +49" (initial value; c, 0-5 in acetone)} raised to 174 

= recrystallisation from ethanol and depressed to 167° on admixture with 2. 4 6-trimethy! D-galactose 

The recrystallised aniline derivative had (a)}f +65" (initial) changing to —20° (1 day) (c, 1 lin 

acetone); 2: 4: 6-trimethyl p-galactose anilide has (4)p) —92° falling to +38" (22 hours) (Hirst an‘ 

Jones, /., 1939, 1482), so that the aniline derivative obtained from fraction VI contains 80-85% of the 
isomer (Found: N, 50; OMe, 205. Calc. for C,,H,O,N> N, 47, OMe, 31-3%) 

Fraction VITI (0-103 g.), [al +47-6 (c, 1-0 in water) (Found : OMe, 291. Cale. for C,H,,O,: OMe 
pr te 5 The syrw (0-086 ) gave an anilhne derivative which ated from the hot ethanolic solution 
after 30 minutes. Cooling, filtration, and recrystallisation from ethanol gave prisms (0-019¢.), m.p. 20s 
not depressed on admixture with authentic 2 : 4-dimethy! p-galactose anilide (Found: N, 5-2; OMe 
20-5. Cale. forC,,H,,O,N . N, 50; OMe, 21-90%) 

Fraction X (0-068 q.), (a) + 42-5" (c, 0-7 in water), failed to give a crystalline derivative. Examon 
ation on the paper chromatogram showed the absence of 6-methy! galactose 


Fractions V, VII, and IX were mixtures, and amounted together to 0-26 g.; total recovery 0-82 g 


Examination of methylated specimen (Y A portion of (Y) was hydrolysed and the methylated sugars 
released estimated as before by the quantitative chromatogram to give trimethy! xylopyranose (1-3 parts), 
tetramethy! galactopyranose (1 part), 2: 4: 6-trimethyl galactose (2-6 parts), dimethyl sugars (2:7 parts), 
and monomethyl sugars (1-2 parts The ratio of trimethy! to tetramethy! galactose is in good agreement 
with that found for |X) 


Thanks are expressed to Imperial Chemical! Industries Limited and to the Earl of Moray Endowment 
for grants 
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409. Studies on Indene Derivatives. Part VII. New Reactions of 
Triketoindane and Experiments with Hydrindantin and Related 
Compounds. 


By Rapwan Movupasuer, Witttam Awapb, Movustara Isranuto, 
and Aspet Moctp OTHMAN 


New derivatives of triketoindane have been en The thermal decomposition of 
is-(3-hyd 


bis-(2-hydroxy-1 : 3-diketoindan-2-yl) (V) yields roxy-l-ketoinden-2-y!) (VI) and 
phthalic anhydride. The nature of the deep biue colour obtained from (I) +H,O, (V) +2H,O 
and 2 : 2-dihydroxyperinaphthane-| : 3-dione by strong alkali is discussed; in the last case 
after acidification, 2-hydroxyperinaphthane-1 . 3-dione is obtammed in good yield 


Continvutne the work of one of us (R. M.) on the properties of indane-1 : 2 : 3-trione (I), we 
have investigated its reaction with phenyilmagnesium bromide ® and isolated | : 2: 3-trihydrox 
1; 2: 3-triphenyvlindane (11), which is oxidised to o-dibenzoyibenzene by boiling nitric acid 


Ph OH 
‘ OH 
3Pb-MgBr (Il) 
c Ph 
Ph OH 


As with dipheny! triketone (Schénberg and Moubasher, / , 1941, 348), a five-membered ring 
is formed when the indanetrione f (1) or the analogous perinaphthindanetrione (VII — H,O) 
is treated with diazomethane, giving 2: 3-methylenedioxyindan-l-one (III) and 2: 3- 
methylenedioxyperinaphthinden-l-one respectively, which with boiling alcoholic hydrochloric 
acid yield bis-(3-hydroxy-1-ketoinden-2-y!) (VI) and 2 : 3-dihydroxyperinaphthinden-2-one (the 
enolic form of VIII) respectively 

Thionaphthan-3-one and (I) give the violet red 2-(3-ketothionaphthen-2-ylidene)indane- 
1; 3-dione (IV), but attempted condensation with indane-| : 3-dione gave only (VI) 


* These experiments were performed by Moustafa [brahim. 
[f These experiments were performed by William Awad 
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The anhydrous substance (V) (Schénberg ef ai, ]., 1950, 376), when heated at 270° in a 
vacuum or in carbon dioxide, gives (VI) and phthalic anhydride. When (V) is exposed to 
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\ ‘ 
¢/ 
6 
on ) (1V.) (vo (VI 
sunlight with benzoquinone in benzene solution, dehydrogenation takes place, followed by 
fission, with the formation of the trione (I); this behaviour is frequently met with in pinacols 
(Schénberg and Mustafa, ]., 1944, 67) 

The action of strong alkali on hydrindantin or (V) leads to the formation of a blue colour 
owing to formation of the alkali salt of the enolic form of 2-hydroxyindane-! : 3-dione 
(Ruhemann, J., 1911, 99, 1306). Its formation is easily explained on the basis of the formula 
(V + 2H,O) for hydrindantin (cf. the formation of benzhydrol and fluorenol by the action of the 
alkali on tetraphenylethylene glycol and the acetate of fluorenone-pinacol, respectively ; 
Thérner and Zinke, Ber., 1877, 10, 1473; Klinger and Lonnes, ébid., 1896, 29, 2157). The 
intense blue colour which is produced when ninhydrin is treated with concentrated alkali is, 
according to Errera (Chem. Centr., 1913, 11, 774), also caused by formation of a salt similar in 
structure to (VIII). In favour of this opinion are the facts that perinaphthindane-| ; 2 : 3- 
trione hydrate (VII) gives with strong alkali a deep-blue solution which when acidified yields 


2 : 3-dihydroxyperinaphthinden-l-one (the enolic form of VIII), and that (VIII) and benzoyl 
chloride yield the corresponding dibenzoate. 


EXPERIMENTAL. 


Action of Phenylmagnesium Bromide on Indane-| : 2 : 3-trione.—The trione (Schonberg snd Moubasher, 
]., 1943, 71) (1 g.) was added to ethereal phenyimagnesium bromide (from | g. of magnesium and 8 g. of 
bromobenzene in 50 c.c. of ether), a vigorous reaction taking place. Benzene (50 c.c.) was then added, 
and the whole refluxed for § hour and left overnight. The mixture was then treated with dilute hydro- 
chioric acid and extracted with ether, the ethereal extract dried (Na,SO,), filtered, and oa a Fre 
dryness, and the residue (2 g.) crystallised from benzene-—light petroleum (1 : 3 by a » 8 “4 
hydroxy-1 : 2: 3-triphenylindane forms colourless needles, m. p. 124—130° (Found : 83-6; H, 

CysH yO, C,H, requires C, 83-8; H,5-0%). When this substance is left for few days at ieee oe BP 
or dried in a vacuum, benzene of crystallisation is lost, givi & colourless anhydrous form, m. p. 178° 
(Found: C, 82:3; H, 58; active, H, 0-79; M, 388. C, requires C, 82-2; H, 5-6, active H, 
0-7%; M, 394). It is soluble in benzene or ethy! alcohol, Teokeole in sodium hydroxide, and gives with 
concentrated sulphuric acid a yellow-orange colour 

Oxidation of 1 : 2 : 3-Trikydrory-1 : 2 : 3-triphenylindane (I1).—The triol (0-5 g.), concentrated nitric 
acid (10 c.c., d 1-42), and water (20 c.c.) were uxed for 2 hours. A yellow oil was formed which, 
after cooling, solidified (0-2 g.). This was recrystallised from benzene—light petroleum giving o-dibenzoy!- 
benzene as yellow needles, m. p. 147° undepressed on admixture with authentic sample 

Action of Diazomethane.—(a) On indane-1 : 2: 3-trione. The trione (0-5 g.) was added to an excess of 
ethereal diazomethane, a vigorous reaction taking place. The mixture was left overnight in an ice-chest. 
The ether was removed and the brown oily mass triturated with aqueous methyl alcohol, to give a 
yellowish solid (0-45 g.) which crystallised from methyl alcohol. 2 : 3-Methylenedioxyinden-|-one forms 
= — crystals, m. p. 185° (Found: C, 69-4; H, 30%; Af, 166. C,,H,O, requires C, 68-9; H, 

174) 

The product (0-2 g.), hot methyl alcohol a c.c.), and concentrated me ea acid (10 c.c.) were 
refluxed for 6 hours. A violet crystalline t (0-1 g.) formed which crystallised from benzene in violet 
needles, m. p. 208°, and was proved to be bis(3-hydroxy-1-ketoinden-2-yl) by mixed m. p. and general 
properties. 


A] On perinaphthindane-\ : 2 : 3-trione (Moubasher and (in part) Awad, /., yy 1137)). The trione 

ee ee Se See in ya ryperi- 

from methyl! (ucowuich-oed matt) (018 6.) 

S. ri nm 3e% Fas gives permatent orange colour 
"It ts insoluble in sodium 


inane earner crystallised from a 
P- 2 : 3-dihydroxyperinaphthinden-1-one 
eosesding to Manes Gre. eit.), giving a blue colour with sodium hydroxide solution. 
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Action of Tsonaphthan-3-one om Indane-1 2 3-trione.—The trione (05g) and freshly crystallised 

Bone (05 g.) in dry benzene (0) ¢.c.) were refluxed for § hour. After cooling a violet 

deposit (0-7 g.) was filtered off and crystallised from benzene. 2-(3-Ketothionaphthan-2-ylidenc}indane- 

1: 3-diens forms violet needles, m. p. 275° (decomp.) (Found: C, 663; H, 20; S114. C,,H,O,S 

requires C, 6046; H, 2-7; 5, 11-1 It gives an orange-red fluorescence in xylene and an intense biue- 
green colour with concentrated urk acid 


Action of Indane-\ : 3-dione on Indane-1 : 2: B-trione.-The trione (0-5 ¢.) and the dione (0-5 g.) in 
glacial acetic acid (25 c.c.) were refluxed for 2 hours, and then cooled and filtered. The solid residue was 
extracted several times with benzene. From the benzene extract only violet crystals of (VI) were 
obtained (05 g }, m. p. 208° alone or mixed with an authentic sample 


J hermal yy of Bis-(2-bydrory-1 : 3-diActowndan-2-y!).--The substance (1 g.) was heated 
for 5 minutes at 270° (bath-temp.) in a vacuum of in a stream of carbon dioxide. On the cold part of 
the tube, colourless crystals of phthalic anhydride were formed (0-08 g.) (m. p. 130° alone or mixed with 
an authentic sample; fucrescein test positive). A residue of (VI) (0-5 g ) remained which, crystallised 
from benzene, had m. p. 208", undepressed on admixture with an authentic sample (colours with 
concentrated sulphuric acid and with sodium hydroxide solution) 


Photo-veaction of p-Bensoquinome and Bis (2-hydroxy-1  3-diketowndan-2-yl) —The bisindany! compound 
(1 g.), suspended in dry benzene (30 cc.) containing p-benzoquinone (5 g }, in a Monax tube filled with 
carbon dioxide, was exposed to sunlight for 7 days (May). The black solid quinone separated out. The 
mixture was filtered and the solid treated with hot water and collected. The aqueous filtrate was 
extracted several times with ether (b-<.c postions). The dried ethereal extracts were evaporated, to give 
ninhydrin as colourless crystals (0-1 g.), becoming red at 139° and melting at odo to a green 
melt, undepressed by admixture with an authontic specimen. It gave the characteristic blue colour 
with concentrated sodium hydroxide solution 


Action of Athali.-—(a) Perinaphthindane-| : 2: S-trione hydrate. The substance (0-1 g.) was suspended 
in distilled water (5 ¢.c.), and sodium hydroxukle (10%; | c.c.) was added, an intense blue colour 
developing | benzoy! chloride (10 cc ) was added immediately and the reaction mixture shaken vigorously 
with cooling for 1 minute, thereupon becoming yellow The whole was added to cold water; a yellow 
precipitate was filtered off (@1 g.) and recrystallised from benzene or dilute acetic acid in yellow green 
prisms, m. p. 215°, undepressed on admixture with an authentic sample of 2 : 3-dibenzoyloxyperi- 
naphthinden-l-one (Errera, loc. cat ) 


When the experiment was carried out without the addition of benzoy! chloride, aculification with 
hydrochloric acid after the formation of the blue colour gave 2. 3-dihydroxyperinaphthinden-1l-one 
(70%) which crystallised from ethy! alcohol in red needles, m. p. 258° undepressed on admixture with 
authentic sample 


(b) Nemdydrin To ninhydrin (0-1 g.) im the minimum amount of water were added a few c.c. of 
aqueous sodium hydroxide. A blue colour was formed. The mixture was acidified with concentrated 
hydrochloric acid and kept for 24 hours, whereupon hydrindantin (0-02 gr.) crystallised, having m. p. 
220° (decomp.) alone or mixed with an authentic sample 


(c) Hydrindantin. Hydrindantin (0-1 g.) was triturated with aqueows sodium hydroxide (10%; 
10 ¢.c.). A violet colour developed. The mixture was acidified and kept for 24 hours, hydrindantin 
(0-15 g ), identified as above, separating 


Fovap I Untversiry, Faceuuty or Scrence, Carro, Eovrr Received, Nowember 18th, 1949 


410. Alkenylation by Use of Lithium Alkenyls. Part I, The Condens- 
ation of isoButenyl-lithium with Benzaldehyde and Acetophenone, and 
the Oxotropic Rearrangement of the Resulting Carbinols. (Studies in 
Molecular Rearrangement. Part I11.)* 


By E. A. Bracpe and C. J. Timmons 


This series of papers describes the preparation and some of the reactions and synthetic 
apphcations of a hitherto almost unknown « lass of reagents, the alk-l-eny!-isthium derivatives 
cf. Braude, Coles, and Timmons, Nature, 1950, 166, 58 

Highly purthed ssobuteny! bromade (1) with lithium in ether readily gives wobutenyl-isthium 

Il) and 5-dimethythexa-2 : é<diene (111). Carboxylation of ssobuteny!l-lithium aflords 
smethylerotontc acid and phorone. Condensation of tsobutenyl-lithium with ben aldebyde 
amd acetophenone yields the ssobutenyicartnols (VI and VIII), which on treatment with dilute 
ac xis readily undergo the expected oxotropi rearrangements to the conjugated styry! derivatives 

Vil and 1X) 

a Methyistyryldimethylcarbinol (IX) exhibits anomalous ultra-violet light absorption 
properties which are explained in terms of steric interference between the a- and y-substituents 


One of the limitations to the manifold synthetic applications of Grignard reagents arises from 
the well-known fact that alkenyl halides containing a halogen atom adjacent to an ethylenic 


* Patent applications cover the subject matter of this and the following three papers 
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bond are very unreactive towards magnesium and give the organo-magnesium derivatives 
only with great difficulty. The sole known exceptions to this rule are 2-arylvinyl bromides 
such as §-bromostyrene (Tiffeneau, Compt. rend., 1902, 185, 1346; Rupe and Proske, Ber, 
1910, 48, 1231; Meyer, Ber., 1922, 55, 817; Ziegler ef al., Ber., 1924, 57, 1986; 1925, 5B, 350; 
Awnalen, 1923, 434, 75; 1925, 448, 167; Hurd and Webb, /. Amer. Chem. Soc, 1927, 40, 546; 
Léttringhaus, Ber, 1934, 67, 1602; Wright, /. Org. Chem., 1936, 1, 457; Koelsch and Rosewakd, 
J. Amer. Chem. Soc., 1937, 58, 2166; Willstaedt, Svensh Kem. Tidshr., 1941, 58,416; Bergmann 
et al., J. Amer. Chem. Soc., 1949, 71, 2068). Vinyl bromide has been claimed to react with 

l-ene in the presence of magnesium to give isoprene and butadiene (Austerweil, 
G.P. 245,180; Chem. Zentr., 1912, 1, 1267), a reaction which presumably involves an alkenyl- 
magnesium halide as intermediate, but according to Krestinsky (Ber, 1922, 55, 2773) vinyl 
bromide itself undergoes dehydrobromination to acetylene on treatment with activated 
magnesium. The only successful attempts to employ aliphatic-substituted viny! bromides in 
Grignard condensations are those reported by Krestinsky (sdid., pp. 2754, 2762, 2770) who 
treated isobuteny! (2 : 2-dimethylvinyl) bromide (I) and 1 : 2 : 2-trimethyivinyl bromide with 
benzaldehyde and other aldehydes in the presence of activated magnesium and obtained, 
amongst other products, small yields of the expected unsaturated carbinols. In our hands, 
appreciable reaction between isobuteny! bromide and magnesium could only be induced in the 
presence of methy! bromide, and the yields of condensation products with aldehydes or ketones 
were only of the order of 10%. Mousseron and his co-workers (Bull. Soc. chim., 1947, (v), 14 
81) have reported the formation and the carboxylation in “ poor” yields of the magnesium 
derivative of 1-chioro-2-methyleyclohexene, but neither |-chlorocyclohexene (Braude and Coles, 
J., 1950, 2014) nor a number of other methyl-substituted homologues (Braude, Bruun, and 
Weedon, forthcoming paper) react appreciably with magnesium under the usual conditions 
Very recently, van Dorp and Arens (Dutch P. 62,738; Chem. Abstr., 1949, 5417) have described 
the condensation, in unstated yields, of 2-ethoxyviny! bromide with a C,, ketone in the presence 
of activated magnesium. 

It thus appears that, whereas the use of Grignard reagents provides general methods of 
alkylation, arylation, and alkynylation (the Gngnard derivative being prepared in the last case 
from the acetylenic component containing a free ethynyl grouping and an alkyimagnesium 
halide), alkenylation cannot generally be effected in this way, or only with great difficulty 
To some extent this limitation can be overcome by alkynylation followed by semihydrogenation 
to give the ethylenic derivative, a method which has been extensively developed within 
recent years in this and other laboratories (cf. Campbell and Campbell, Chem. Reviews, 1942, 
31, 77; Heilbron, Jones, ef al., J., 1945, 84 and later papers; Nazarov et al., Bull. Acad. Sci. 
U.R.S.S., Cl. Sci. chim., 1946, 305, and later papers). However, semihydrogenation of the 
acetylenic intermediate is not always easy to achieve, especially with polyfunctional compounds, 
and its application is limited to the introduction of vinyl and mono-2-substituted vinyl 
groups 

Morton and his collaborators (J. Amer. Chem. Soc., 1947, 69, 160, 1675; U.S_P. 2,454,082) 
have studied the metalation of olefins with amylsodium. With propene and the butenes, 
mono-metalation was found to take place almost exclusively in the allyl position, but 
in the case of pent-l-ene a mixture of about 20% of pent-l-enyl- and 60% of pent-3-enyl- 
sodium appeared to be formed, as judged by the proportion of a$- and By-ethylenic acids 
obtained on carboxylation. The applicability of this method to a-alkenylation is thus evidently 
rather limited. 

The present work originated in the desire to employ a-alkenyl organo-metallic derivatives for 
the synthesis of various ethylenic systems not easily accessible by the conventional routes. The 
difficulty of preparing Grignard reagents of this type, together with certain additional 
complicating factors subsequently encountered in some of their reactions (Braude and Timmons, 
forthcoming paper), directed our attention to the possibility of obtaining the corresponding 
lithium derivatives, since lithium often reacts more readily than magnesium with alkyl and ary! 
halides (cf. Gilman, Zoellner, and Selby, J]. Amer. Chem. Soc., 1932, 54, 1957; 1933, 55, 1262) 
The literature concerning lithium alkenyls was not encouraging; the only example previously 
described, ge ope ye is formed in no better yield than the corresponding Grignard derivative 
(Wright, loc » ett.), 4 and attempts to metalate vinyl bromide with phenyl- or buty!-lithium result 
in complete deh hal tion (Wittig and Harborth, Ber., 1944, 77, B, 306; Gilman and 
Haubein, /. Amer. Chem. Soc., 1945, 67, 1420). cycloHex-1l-enyl-lithium has been postulated 
as an intermediate in the formation of I-phenylcycohexene from l-chlorocyclohexene and 
phenyl-lithium (Wittig and Harborth, Joc. cit.), but it appears at least equally likely that a 





ee 
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direct coupling reaction is involved (ci. Kharasch, Lewis, and Reynolds, J. Amer. Chem. Soc., 
1943, 66, 498) 

We have found that lithium derivatives can readily be obtained in good yields from a variety 
of alk-l-enyl halides by direct reaction with metallic lithium in an anhydrous solvent, preferably 
ether, provided that the necessary attention is paid to the purity of the reagents employed. 
The preparation and some reactions of tscbuteny!- and cycichexenyl-lithium are described in 
this and the following three papers. Studies of other lithium alkenyis and their synthetic 
apphcations will be reported subsequently 

Formation and Carboxylation of isoButenyi-ltthiwm —tsoButeny!l bromide was chosen as a 
test case in the present work because it gives at least small yields of the Grignard derivative 
under suitable conditions and cannot easily undergo dehydrobromination. The bromide was 
prepared by treating 1: 2-dibromosobutane with aqueous-alcoholic potassium hydroxide 
(Krestinsky, loc. cit.); the yield could not be improved beyond 30%, but various other dehydro- 
brominating agents were even less satisfactory The twice-fractionated bromide reacted 
readily with lithium in dry other. Treating the resulting solution with an excess of solid carbon 
dioxide gave 2. 5-dimethylhexa-2 ; 4-diene (111), 6-methylerotonic acid (IV), and phorone (V), 
in an overall yield of nearly 60°. None of the corresponding unconjugated derivatives was 
wolated, showing that the formation of the lithium alkenyl is not accompanied by migration of 
the ethylenic double bond 

There is considerable evidence that Wurtz reactions with alkali metals involve the organo- 
metallic derivatives as intermediates (cf. Ziegler and Colonius, Annalen, 1930, 479, 135, Morton 
and Richardson, /. Amer. Chem. Soc., 1940, 62, 123). It is thus very probable that the 2 : 5-di- 
methylhexa-2 : 4-diene is formed by reaction of tsobutenyl-lithium with unchanged isobuteny! 
bromide; this assumption finds some support in the fact that the yield of other condensation 
products derived from tsobutenyl-lithium 1s increased if the bromide and lithium are allowed to 
interact in the presence of a secondary component, such as benzaldehyde (see below). It is of 
interest that little or no 2: 5-dimethvihexa-2 : 4-diene is produced in the reaction between 
isobutenyl bromide and magnesium (Krestinsky, Joc. cit.), whereas the bromide reacts with 
sodium in benzene (Prévost, Compt. rend, 1927, 184, 1460: Ann. Chim., 1928, 10, 422) or, more 
rapidly, in ether to give the diene as the main product. This implies, in agreement with general 
experience, that the reactivity of the organo-metallic derivatives towards the bromide increases 
im the sequence RMgBr <- RLi < RNa 

The formation of phorone must be due to the reaction of lithium $-methylcrotonate, the 
first carboxylation product, with a second molecule of isobutenyl-lithium; the proportion of 
§-methylerotonic acid obtained is increased, and that of phorone reduced, if the effective 
concentration of carbon dioxide is increased by adding the alkenyl-lithium solution to solid 
carbon dioxide instead of vie versa. The formation of ketones in the carboxylation of both 
magnesium and lithium organic compounds has previously been observed in a number of cases 
(Gilman and van Ess, /. Amer Chem. Soc , 1933, 65, 1258; Meals, J. Org. Chem, 1944, 9, 211; 
Denisenko, |]. Gen Chem. Russia, 1948, 18, 219 

Me CCH Be 
Me,C(CHBr > Me, CCHLi en a Me,C-CH-CH:CMe, 
(Ih) III.) 


| CO, 
v 


Me, CCH-CO-CHCMe, Me (CCH COLL) Me,C°CH-CO,H 
V IV 

Condensation of woButenyl-lithium asth Benzaldehyde or Acetophenone.—The reaction of 
benzaldehyde or acetophenone with ethereal ssobutenyl-lithium furnished the expected carbinols 
(Vi and VIII) im about 30%, vield (based on tscbutenyl bromide), together with 2 : 5-di- 
methylhexa-2 : 4-diene as before In one experiment, the formation of isobutenyl-lithium was 
allowed to proceed in the presence of benzaldehyde, the yield of phenylisobutenylcarbinol (V1) 
was substantially the same, but a 20°, yield of I-phenyl-3-methylbuta-1 : 3-diene, a dehydration 
product of the carbinol, was also obtained 

The structure of phenylisobutenylcarbinol (V1) was proved by hydrogenation, with platinum 
oxide as catalyst, to give phenylisobutylcarbinol which was oxidised to ssovalerophenone. The 
carbinol obtained from tsebuteny!-lithium and acetophenone was identical in physical properties 
with phenylmethylisobutenylcarbinol (VIII) prepared by the condensation of phenylmagnesium 
bromide with mesity! oxide (Ravier, Compt. rend, 1934, 198, 1786) and absorbed 1 mole of 
hydrogen on hydrogenation over platinum oxide to give phenylmethylisobutyicarbinol 
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Oxotropic Rearrangements of wey ote ata and _Phenyimeth yli 
treatment with dilute hydrochloric acid 








ue 
Ph-CH(OH)-CH:CMe, —> Ph-CH°CH-CMe,-OH 
(VI) (VIL) 


oxotropic rearrangement is in all respects analogous to the isomerisation of the lower homologues, 
phenylvinylcarbinol and phenylpropenyicarbinol, to cinnamy! alcohol and styrylmethyicarbinol, 
respectively (Braude, Jones, and Stern, J., 1946, 396) 

The corresponding rearrangement of phenylmethylisobutenylcarbinol presents some unusual 
features. Whereas side-chain methy! substituents usually increase the ease of isomerisation 
(Braude and Jones, ]., 1946, 122, 128; Braude, Jones, and Stern, loc. cit.), phenyimethyliso- 
butenylcarbinol was found to rearrange considerably more slowly than phenylisobutenylcarbinol 
under the same conditions, in aqueous dioxan containing hydrochloric acid. (Detailed kinetic 
studies of the rearrangement are in progress and will be reported in due course.) The rearranged 
isomer, 4-phenyl-2-methylpent-3-en-2-ol (IX), was also obtained on shaking (VIII) with 5% 
aqueous sulphuric acid, but the rearrangement under heterogeneous conditions was accompanied 
by some dehydration to 4-phenyl-2-methylpenta-] : 3-diene (X), which was also obtained, 
though in an impure state, by distilling the rearranged carbinol (IX) from potassium hydrogen 
sulphate. It is of interest that Klages (Ber., 1904, 37, 2301), on decomposing the Grignard 

H- 
PaO Me ————> Ph-CMe(OH)CH:CMe, —> Ph-CMeICH-CMeyOH —> Ph-CMeiCH-CMeCH, 
(VIII) (IX.) (X.) 


complex from phenylmagnesium bromide and mesityl oxide with sulphuric acid, obtained, 
instead of (IX) or (X), an isomeric hydrocarbon, C,,H,,, which, owing to its low refractive 
index (nm? 1°5236), was formulated as }-phenyl-1 : 3: 3-trimethylallene. No product of this 
nature was isolated in the present work 

The structure of (IX) was established by an alternative synthesis from ethyl 6-methyl- 
cinnamate and methylmagnesium bromide and by the catalytic hydrogenation of both samples 
to 4-phenyl-2-methylpentan-2-ol, characterised as the 3 ; 5-dinitrobenzoate 

The alcohol (IX) exhibits somewhat anomalous physical properties. Whereas the three lower 
homologues, cinnamy! alcohol, styrylmethyl- and styryldimethyl-carbinol all have melting 
points above 30°, a-methylstyryldimethylcarbinol (IX) could not be obtained solid at room 
temperature. Moreover, its ultra-violet light absorption properties differ considerably from 
those of its lower homologues (see Table). The other styrylmethylcarbinols uniformly show a 


Ultra-violet light absorption properties of styryl and a-methylated styryl derivatives 
Cmas Ames, A.* Cree 
Ph-CH=CH, ; 12,000 * Ph CH=CH-CO Me 2710 26,000 
Ph-CMe=CH, 12.400 * 2800 = 26,000 
11,200 | PhCMe=CH-CO,Et 
Ph-CH=CHMe . , 3 12,000 
Ph-CH=CH-CH,-OH 19,000 Ph-CH=CH-CMe=CH, 
2 19,500 
Ph-CH=CH-CHMe-OH 19,000 
19,500 Ph-CMe=CH-CMe==CH, 
Ph-CH=CH-CMe,-OH : 17,300 
16, 300 
Ph-CMe=CH-CMe,OH 11,500 
11,500 
* Principal bands, in ethanol solution. Figures in salics refer to inflections 
? These values are probably low, as the dienes were not completely pure 
» Ramart-Lucas and Amagat, Bull. Soc. chim., 1932, G1, 108, 066; 1934, 1, 719 
* This paper * Braude, Jones, and Stern, /., 1946, 306; 1047, 1087 


main band with a maximum at 2510. (c ca. 20,000), which is attributed to the conjugated 
styry! chromophore (Braude, Jones, and Stern, J., 1947, 1087) but is considerably displaced 
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towards higher wave-lengths and intensified in comparison with that of styrene. The batho- 
chromic and hyperchromic effects must clearly be ascribed to the ~CR,-OH substituents and 
are practically independent of whether K is hydrogen or methyl; moreover, since the ultra- 
violet absorption of « as well as §-methyistyrene and other alkylated styrenes is practically 
identical with that of styrene (Ramart-Locas and Amagat, Bull. Soc. chim., 1932, 51, 108, 965), 
the varicchromic effects in the styrylcarbinols must be associated specifically with the 
~(=CH~-C(OH)~ grouping and with electronic imteraction (hyperconjugation) between the 
ethylenic bond and the hydroxy! group wa the saturated carbon atom. Analogous effects are 
observed in benzyl alcohol, benzyl halides, and other hyperconjugated systems (Braude, 
J. 1949, 1902), though the increase in intensity in the styryicarbinols is unusually large 
a-Methyistyryidimethylcarbinol (IX), on the other hand, exhibits absorption almost identical 
with that of styrene and «-methylstyrene; evidently in this case the a-methy! substituent 
almost completely inhibits hyperconjugation between the styryl system and the hydroxymethyl 
group. It is now well known that electronic interaction in conjugated systems requires the 
co-planarity of the different groups concerned and that appreciable deviations from co-planarity 
are strikingly manifested in the ultra-violet light absorption properties (for a recent discussion, 
see Braude, Jones, Koch, Richardson, Sondheimer, and 

Fis. | Toogood, J., 1949, 1890). A scale projection of a-methyl- 
styryidimethyicarbinol (Fig. |) using covalent radii which are 


la. 

Hy { Me a minimom measure of interference properties, shows that 
oe \ there is appreciable overlap between the a- and y-methyl 
v4 \ Me groups in a planar frans-configuration. (A cis-configuration 
\ a / can be ruled out in view of the very considerable steric 
\ E * imterference which it would involve.) The steric interference 
OH ) in the frans-configuration can be relieved by twisting either 
H H. Me end of the molecule, but the light-absorption data are best 
explained by assuming that it is the ~-CMe,-OH group and the 
8-hydrogen atom which are displaced out of the plane of the 
ethylenic bond, and it can easily be seen that this is the accommodation which will result in the 
smallest loss of resonance energy. Several cases of steric inhibition of resonance in related 
first-order conjugated systems, ¢g., a-methylstilbene (Jones, J, Amer. Chem. Soc., 1943, 65, 
1818; cf. Braude, ]., 1949, 1902), have been described, but as far as we are aware the present 

observations constitute the first recorded example of steric inhibition of hyperconjugation 
Anomalous ultra-violet light absorption properties are also exhibited by the other a-methy!- 
styryl derivatives, ethyl §-methyicinnamate and 4-phenyl!-2-methylpenta-1 : 3-diene (see Table) 
Here again, steric inhibition of resonance due to the a-methy! substituent clearly comes into 
play, but, as would be expected, the effects are rather larger than in the example discussed 

above, because the terminal groups undergoing steric displacement are unsaturated 


EXPERIMENTAL. 
(M. p.s were determined on a Kofler block and are corrected.) 


isoluteny! Bromide (1 isoButene, generated by heating fert.-butanol with oxalic acid (Hurd and 
Spence, J. Amer Chem. Soe, 1929, 61, 3562), was passed into an excess of bromine. The crude product, 
obtained in 85%, yield in 2-kg. batches, was distilled to give | : 2-dibromotsobutane as a colourless oil, 
b. p. 152°, aff 1-6078 (Dojarenko, Ber., 1926, 68, 2046, gives b. p. 147°/742 mm., aff 1-5103; Winstein 
and Grunwald, J. Amer. Chem. Soe., 1948, 70, 836, give uff 1-6095 


The dibromide (1800 g) was added to a stirred, hot solution of potassiam hydroxide (520 g.) in 
ethanol (2.5 1) and water (200 ml.) at a rate sufficient to maintain gentle refluxing. The mixture was 
then heated under reflux for a further 7 hours and allowed to cool overnight The wu per layer was 
separated by suction through a filter-stick and added to water (151 Next morning the lower layer was 
separated and dried (CaCi,). On careful fractionation, through a 14-inch Fenski column, a middie 
fraction (470 g.), b. p. 01-0--01:5°, was obtained which was refractionated from a small piece of sodium 
to give dsobuteny!l bromide (360 g , 27%) as a colourless liquid, b. p. 91-0—01-3°, »ff 1-4603 (Parreli and 
Bachman, ited., 1935, 67, 1281, give b. p. 90-91", wFP 1-4625). On one occasion a sample of the same 
b. p. but with «ff 14490 was ottained, which gave identical derivatives on lithium condensation. 
Prototropic isomerism is thus unlikely, and since geometical isomerism is excluded, the difference in 
refractive indices remains unexplained 

Alternatively, 1 2-dibromotsebutane (890 g.) was added dropwise, with stirring, to potassium 
hydroxide (250 g.) and ethylene glycol (11) in a three-necked flask immersed in an oil-bath at 
120 1e The ssobuteny! bromide, which distilled, was collected, dried, and fractionated as above, 
100 g. (30%) of pure product being obtained 

No significant yield of isobuteny!l bromide was obtained from the attempted dehydrobromination of 
|. 2-dibromo:sobutane with sodamude in liquid ammonia. with drethylamine or with potassium acetate 





(1950) Alkenylation by Use of Lithium Alkenyls. Part I. 2005 


an glacial acetic acid, although Bainbridge (/., 1914, 2204) claims to have obtained a theoretical yield 
of the bromide by the last method. 


isoButenyl-iithium (11) —The ation of the lithiem alkenyl and subsequent reactions were 
carried out in wide-necked flasks fitted with the special adaptor illustrated in Fig. 2 (kindly drawn by 
Mr. E. S. Waight). A hollow stirrer provided with a glass wool at the lower end passes th the 
central sock which is aloo provided with eo mercury side-neck carries an tent 
reflux condenser and drying-tube; the other serves for the addition of reagents. Metallic lithium 
(6-9 g., 1 mol.) was cut into small pieces in a rapid stream of oxygen-free nit and d 
the side-arm into the flask, which contained sodium-dried ether (2 1., 20 mols.) and isobuteny!l \ 
(15g.). The mixture was stirred in a slow stream of nitrogen until the reaction commenced as indicated 
by the e of a white turbidity, usually after about 45 minutes. The remainder of the bromide 
(total: 73 g., 0-5 mol.) in ether (150 ml.) was then added wise at such a rate that the solution 
refluxed gently, and stirring was continued for a short time until nearly all the metal had dissolved 


For reactions in which other components are added fo the lithium alkeny! solution, the specia! adaptor 
illustrated in Fig. 2, though convenient, is unnecessary and an ordinary three-necked flask or acaptor 
can be . For “ reverse “ condensations, a separating funnel was connected to the top of the 
stirrer by a short piece of rubber tubing, the two side-necks were 
closed with glass stoppers, and the lithium alkeny! solution was Fic. 2 
forced through the stirrer-tube into the funnel by applying excess 
nitrogen pressure; the compact design of the adaptor and short 
jength of the stirrer-tube ensure that only a small pressure is 
required. 


Carborylation.—Solid carbon dioxide (200 g.) was added in 
small pieces to a solution of isobutenyl-lithium (from Li, 4-2 g.) 
in ether (500 ml.). When the contents of the flask had attained 
room temperature, water (200 ml.) was added, and the aqueous 
layer was acidified with hydrochloric acid. The et layer 
was separated and extracted with aqueous sodium carbonate 
On acidification of the alkaline extract, B-methylcrotonic acid 
(TV) (2-4 g., 7%) separated; after one crystallisation from light 
petroleum (b. p. 40-60") it had m. p. 66-70", undepressed by 
an authentic samen. Distillation of the ethereal layer afforded 
2 : 5-dimethythexa-2 : 4-diene (II1) (8 g., 36%), b. p. 78°/110 
mm., and phorone (V) (3-2 g., 14%), b. p. 88°/17 mm., nf} 1.4068. 
The diene, on redistillation, had b. p. 132—133°/760 mm., m. 
11°, wf? 1-4780 [Krestinsky (J. Russ. Phys. Chem., 1920, 62, 84; 
Ber., 1922, 56, 2769) gives b. p. 136°, m. p. 14-5", wif 1-4796) 
Light absorption in et aI ax., 2410 a., © = 22,500; inflec- 
tions 2450 and 2500 4., ¢ = 21,500 and 16,500 respectively 
The dihydrobromide was by heating, the diene with 
hydr« bromide in a se tube at 100° for 17 hours and 
crystallised from light petroleum (b ey nl in colourless 
needles, which sublamed to give colour plates, m 65 69° 
(Pogorzelsky, Chem. Zentr., 1899, I, 773, gives m. p. 68-5-—69" ; 
Krestinsky, Joc. cit., gives m. p. 65°). Phorone was identified as 
the 2 : 4-dimitrophenylhydrazone, which was chromatographed on @ | 2 3 4 Sem 
alumina from benzene solution and crystallised from cmsthennt a se ee 
red needles, m. p. 115-—116°, undepressed by an authentic 
(Found: C, 566; H, 5-5; N, 183. C,,H,,O,N, requires C, 566; H, 5-7; N, 17-6%); Connolly (/., 
1944, 339) gives m. p. 118°, and Braude and jones U., 1945, 498) give m. p. 108°, but no analytical data 
are recorded 


In another experiment, in which the ethereal solution of tsobutenyl-lithium was slowly added to 
excess of solid car dioxide, an increased yield of 8-methylcrotonic acid (4-8 g., 14%) was obtained 


Phenylisobutenyicarbinol (1-Phenyl-3-methylbut-2-en-1-ol) (V1).—(a) Benzaldehyde (35 g.) in ether 
(50 mi.) was added dropwise to a stirred ethereal solution of isobutenyl-lithium (from Li, 4-2 g.) at 0°. 
After a further hour's stirring at room temperature, an ice-cold saturated aqueous solution of ammonium 
chloride (35 g.) was added. The ethereal layer was separated and dried (Na,SO, + a little K,CO,) and 
fractionated from a trace of potassium carbonate. A mixture of 2: 5-dimethythexa-2 : 4-diene and 
pt benzaldehyde distilled first, followed by phenyliscbatenylcarbinol (18 g., 33%), b. p. 
79° /10°* mm., 1-5373 (Found : C, 81-3; H, 88 alc. for C,,H,,O: C, 81-5; H, rae. (Krestinaky, 
Ber., 1922, &6, 2770, gives b 122—125° /7 mm., aff 1-5352). Light absorption in ethanol - Max. 2590, 
2640, and 2780 a., ¢ « 710, 670, and 360, respectively 


(6) A mixture of isobuteny! bromide (total, 58 g.) and benzaldehyde (35 g.) was added during } hour 
to lithium (4-2 g.) in ether ( mil.) containing some tsobuteny! bromide, after reaction had commenced 
as described above. Stirring was continued for a further 2 hours and the products were worked up in 
the usual manner to give impure |-pheny!-3-methylbuta-1 : 3-diene (9 g., 18%), b. p. 73-—76'/1 mm., 
nj} 1-5757 (light absorption: see Table), and phenylisobutenylcarbinol (18 g., 33%), b. p. 96°/1 mm., w}f 
1.5366. 





Hyd tion of phenylisobutenylcarbinol (3-1 g.) in ethyl acetate (30 ml.) in the presence of platinic 
’ in the Uptake of 1 of hy and gave geen gong (2-7 g.). b 74— 
76° /0-05 mm., »ff 1- (Grignard, Compt. 1900, 180, 323 p 


, gives b. p. 122°/9 mm., wf} 1.5080). 
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UOnidation of the uct with potassium dichromate in sulphuric acid afforded tsovalerophenone, 
wlentified as the 4-dinitrophenylhydrazone, m p. 134--136°, undepressed on admixture with an 
authentic specimen 

Styryldsmethylcarbimol (4-Phewyl-2-meth ylbut-3-en-2-0l) (VIL) ——A solution of phenylisobutenylcarbinol 
(1-0 g.) in @0% aqueous dioxan containing hydrochloric acid (0-0lm.) was set aside for 2 hours at room 
temperature. The solution was then diluted with water and extracted with ether. The ethereal 
extract was dried (Na,SO, + K,CO,) and distilled, to give sty ee (06 g.) which 
solidified on cooling and crystallised from pentane in needles, m -37°, undepressed on admixture 
with an authentic specimen (Klages, Ber, 1906, 39, 2592) Light a tion +p "ia ethanol Max. 2510, 
2820, and 2910 a., « = 17,300, 1200, and 800, respectively, inflection 2660 a = 16,300 


Phenylmethylisobutenyicarbinel (2-Phenyl-4-methylpent-3-en-2-ol} (VII1).—An ethereal solution of 
tsobutenyl-lithiam (from Li, 5-6 ) was slowly added to a stirred solution of acetophenone (35 g.) in ether 
(200 ml.). Stirring was continued overnight and saturated ammonium chloride solution (400 g.) was 
added. The products were worked ep in the usual manner to give a low-boiling fraction of 2 : 5-di- 
methythexa-2 4-<diene (ca. 10 g.) and Oo ee ee P vg é 25% 
64° 7 = 10°* mm. aff 15283 (Pound: C, 816; H, ®2. Calc. for € os 
sample ee oan from mesity! oxide and phenylmagnesium bromide fod’ . WW 10-* mm., ff 
15287 (Ravier, Compt. rend., 1934, 198, 1756, gives b. p. 05-—06°/9 mm “p! 34 ‘Be high refractive 
index recorded by this author is probably due to some rearranged or dehydrated material). Light 
absorption in ethanol: Max. 2510 4... ¢ = 245; inflection 2580 4., ¢ = 235 


Hydrogenation of the carbinol (1-3 g.) in ethyl acetate (20 ml.) in the presence of platinic oxide 
resulted in the uptake of | mole of hydrogen to give phenylmeth ylssobutyicarbinol OS g.), b. p 
64° 10°* mm., «]f 156058. Bodroux and Taboury (Compt. rend., 1909, 148, 1676, Bull. Soc. chim, 
1900, 6, 813) give b. p. 1256-—128°/18 mm., wf 15157 


a Methyistyryldimethylcarbinol (4-Phenyl-2-methylpent-3-en-2-0l} (1X) and 4-Phenyi-2-methylpenta- 
1 B-deene (X (a) A solution of phenylmethylisobutenylcarbinol (8 g ) in 60% aqueous acetone (200 m!]_) 
containing hydrochloric acid (0-02m_) was set aside for 3 hours at room temperature, and the solution was 
then made just alkaline with aqueous 2n-sodiam hydroxide. Isolation of the products in the usual 
manner afforded «- We ee wp (65 ¢), b 85—88°/10°* mm., »ff 1-5430 (Found 
C, 82-0, 81-6; H, 89,02. C,.H,,.O requires C, 81-8; H, 91%). Active hydrogen, determined by the 
method of Braude and Stern, (/., 1946, 404): 101 0-99 Light absorption . see Table 

Hydrogenation of the carbinol (3 g.) in methanol (30 ml.) resulted in the uptake of | mole of hydrogen, 
to give 4-phenyl.2-methylpentan-2-ol (25 g.), b. p. 66-—68°/10°* mm., nlf 1-6061 (Found: C, 80-8; H, 
Ol. Cyh,,O requires C, 805: H, 102%) The 3° S-dinttrobenzoate crystallised from »#-hexane 
benzene in plates, m 07.08", undepressed on admixture with the specimen described below (c) 
(Pound: C, 61-4; H, 56; N, 77. ¢€ ulteO Ng requires C, 61-3; H, 5-4; N, 75%) 


6) Phenyimethylisebutenylcarbinol (27 g.) 4 shaken —* 2n-sulphuric acid (100 ml.) for 24 hours 


The upper layer was separated and dried (Na,S( “hee Os here, ey from a trace of potassium 


carbonate afforded « sesuyletyrytdimethyloatbinnl p. 72-—75°/10* mm., »f 1-5412, and 
impure 2-pheny!-4-methylpenta-2 : 4-diene, b. p. 63 —66 6 I am af 1-5537 (Found ; C, 89-9: H, 94 
Cal for C,,H,,: C, 91 H, 80%). Light absorption in ethanol: Max. 2510, 2580, 2660, and 
2760 a. @ ~ 11,000, 12,000, 11,000, and 9,000, respectively 


Ethy! #-methylcinnamate (95 g.) [prepared by the method of Lindenbaum (Her., 1917, 60, 1270 
but without isolation of the intermediate hydroxy-ester), b. p. 83-—85°/0-2 mm., »ff 15438 (Kon and 
Johnson, /., 1926, 2752, give b. p. 142—-146"°/16 mm., ni}? 1.5451), was treated with methyimagnesium 
bromide (from Mg, 3 @)}, to give a-methylistyryidimethyicarbinol (5 g.), b. p. 86—87°/0-05 mm., nF 
16423 (Found: ©, 823, H 2%). Light abeception identical with that of the sample obtained 
under (4). Catalytic hydrogenation as above gave 2-methyi-4-phenylpentan-2-ol 3 5-dinitrobenzoate 
m p 87-08", undepressed on admixture with the specimen prepared as in (a 


aM ethylatyrene —VPhenyldimethyicarbinol (Tissier and Grignard, Compt. rend. 1901, 182. 1184 

ve gee m. p. 134-135" (Found: C, 67-2; H, 6G: N, #8. CyH,,O,N requires C, 67-4 
i's N, 49°)! was dehydrated, by distillation from potassium hydrogen sulphate (Perkin and 
io / Laos 87, 671), to a-methylstyrene, b. p. 165°, jf 15407. Light absorption: see Table 
In one experiment, a dimer of a-methylstyrene, b 147—152° 1 mm., »f 15667 (Found: C, 91-6; H 
88%; M (in camphor), 232. C,,H,, requires ( vhs H, 85%; M, 236, was obtained as sole product 
Light absorption in ethanol: Max Kiz0 A 13.500. An analogous dimer from #-methyl!l-a-methy!- 
styrene is described by Mukki (Acta Chem. Scand., 1949, 3, 27 
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411. Alkenylation by Use of Lithium Alkenyls. Part II. The Condens- 
ation of isoButenyl-lithium with Acraldehyde and Crotonaldehyde, and 
the Oxotropic Rearrangement of the Resulting Carbinols. (Studies in 
Molecular Rearrangement. Part IV.) 

By E. A. Bravupe and C, J. Timmons 


tsoButenyl-lithium (see Part I, preceding tT) condenses normally with acraldehyde and 
crotonaldehyde to give the expected substituted di divinyicarbinols (le and 1d), the constitutions 
of which are proved by —S ic hydrogenation. The tsobuteny! | group in propenylssobuteny!- 
carbinol (1d) is surprisingly with a oxide ca 

On treatment with very dilute mineral acids, the divinylcarbinols undergo irreversible oxo- 
tropic rearrangement to give exclusively the substitu tertiary batadionyicarbiects (111) 
Under more strongly acid conditions, the latter undergo further reversible rearrangement to 
the primary or secondary isomers (IV), as well as partial dehydration to the substituted 
hexatrienes (V) 





Iw Part I (preceding paper) condensation of isobutenyl-lithium with benzaldehyde and aceto- 
phenone has been described. These reactions showed that the alk-l-enyl-lithium derivative 
behaves normally towards carbonyl compounds, but the synthesis of arylalkenylcarbinols by 
this route is of limited preparative value as these are also accessible through the arylmagnesium 
derivatives. The present work provides some examples of the use of isobutenyl-lithium for the 
synthesis of otherwise relatively inaccessible dialkenylcarbinols 

tsoButenyl-lithium reacted in the expected manner with acraldehyde and crotonaldehyde 
to give the substituted divinylcarbinols, vinyl- (Ia) and propenyl-ssobutenyicarbinol (Ib) in 40°, 
yields. Only a few simple carbinols of this type have previously been described, though some of 
the lower homologues, including divinylcarbinol itself, have been prepared by semi-hydrogenation 
of the corresponding ethynylcarbinols (Lespieau and Lombard, Bull. Soc. chim., 1935, 2, 372; 
Heilbron, Jones, McCombie, and Weedon, J., 1945, 84, 88). A higher homologue, methyldi- 
isobutenylcarbinol, has also been obtained by the condensation of phorone and methylmagnesium 
iodide (Fellenberg, Ber., 1904, 837, 3578). 

The structures of (Ia) and (1b) were proved by their transparency in the 2300-a. region and 
by catalytic hydrogenation to ethyl- and propyl-isobutylcarbinol, respectively. The carbinol 
(la) readily absorbed two moles of hydrogen, when dry methanol was used as solvent and platinic 
oxide as catalyst. With (Ib), the uptake of hydrogen practically ceased after one mole had been 
absorbed. The semi-hydrogenated product furnished acetone, but no propaidehyde on 
ozonisation, and is therefore propylisobutenylcarbinol (II; R= Me). Further hydrogenation 
of the latter, over a palladium-calcium carbonate catalyst, resulted in the smooth uptake of a 
second mole of hydrogen to give propylisobutylearbinol. In view of the ready and complete 
hydrogenation of (Ia) over platinum oxide, the resistance of the isobutenyl group in (Ib) to 
hydrogenation in these conditions is rather surprising : the introduction of the additional methyl 
substituent in (1b) would not be expected to have any pronounced effect on the accommodation 
of the tsobutenyl group on the catalyst. A somewhat similar observation has recently been 
reported, however, by Zafiriadis (Compt. rend., 1948, 226, 731) who found that ethyl 
cinnamylidenemethyl ketone is considerably more resistant to catalytic hydrogenation than 
cinnamylideneacetone 


(ll Me, CCH-CH(OH)-CHyCH,R <— MeCCH-CH(OH)-CHOCHR (LL) 
a : 
“ : 


¥ 
(iil OH-CMe,CH-CHCHICHR => Me,CCH-CHOCH-CHR-OH ([IV.) 


(V.) CHyCMe-CH°CH-CHCCHR Me,C(CH-CH°(CH’COR (VL) 
(a) Re H (b}} R «= Me 


Propenylisobutenylcarbinol also proved surprisingly resistant to oxidation by the Oppenauer 
method, no significant yield of the expected ketone being obtained on prolonged treatment with 
acetone and aluminium tert.-butoxide in boiling benzene. When p-benzoquinone, a more 
powerful hydrogen acceptor, is used, oxidation does occur, but the quinol produced immediately 

6N 
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acts as acidic catalyst causing rearrangement of the carbinol, and the product isolated is mainly 
6-methylhepta-3 : 5-dien-2-one, derived from the isomeric carbinol (IVb) (see below). 

The acid-catalysed oxotropic rearrangement of divinylcarbinols was first described by 
Heilbron, Jones, McCombie, and Weedon (Joc. cit.) who showed that divinyicarbinol itself is 
converted into penta-2 : 4-dien-l-ol on treatment with dilute acids, and that vinylpropenyl- 
carbinol (VII) is similarly converted into hexa-3 : 5-dien-2-ol (VIII). The rearrangement of 
vinylpropenyicarbinol could theoretically proceed in two directions, with migration of the 
hydroxyl group to either the unsubstituted or the methyl-substituted y-carbon atom, but none 
of the alternative rearrangement product, sorby! alcohol (IX), was obtained and the exclusive 
formation of (VIII) was ascribed to the superior electron-donating properties of the propeny! 
compared with the vinyl group. 


CHMeSCH-CH(OH)CHICH, (VIL) 


x 
(VILL) OM-CHMeCHOCH-CHICH, =® CHMeICH-CHICH-CH,OH (IX 


Since the ease of rearrangement of vinylpropenyicarbinol is much greater than that of divinyl- 
carbinol (Braude and Jones, J, 1046, 128), a rapidly increasing order of mobility was to be 
expected for the oxotropic systems represented by (la) and (Ib). Treatment of the two carbinols 
with 0001m-sulphuric acid in aqueous acetone at room temperature for 4 hours and for 10 
minutes, respectively, results in quantitative isomerisation to the conjugated tertiary carbinols, 
dimethyibutadienylicarbinol (2-methylhexa-3 : 5-dien-2-ol) (IIIa) and dimethylpentadienyl- 
earbinol (2-methythepta-3 : 5-dien-2-ol) (IIIb), which exhibit ultra-violet light absorption 
properties typical of mono- and di-alkylated conjugated dienes (see Table) and were characterised 
by their maleic anhydride adducts. The adducts contain one free carboxyl group as shown by 
alkalimetric titration and are therefore lactonic acids analogous to those obtained from lower 
homologues (Heilbron ef al., joc. ci#.). The lability of (Ia) and, even more so, of (I+) is so great 
that unless careful precautions are taken to eliminate all traces of acids during their preparation, 
partly or largely rearranged products are obtained. The carbinol (IIla) has previously been 
prepared from two different acetylenic precursors by Nazarov and Fisher (Bull. Acad. Sa 
U_RS_S., Cl. Sei. Chim., 1945, 631; 1948, 311), and the physical constants obtained in the 
present work are in good agreement with those previously recorded. The structure of (IIIb) 
was proved by catalytic hydrogenation in the presence of platinic oxide to give dimethyl-n- 
amylcarbinol, identified by the 3 : 5-dinitrobenzoate 

On treatment with more concentrated mineral acids, ¢.g., when shaken with 0°]M-aqueous 
hydrochloric acid, (Ia) is converted into an approximately equimolar mixture of the tertiary 
isomer (IIIa) and the primary isomer, 5-methythexa-2 : 4-dien-l-ol (IVa), which could be 
separated by fractional distillation. The primary isomer (IVa) can readily be distinguished 
from (IIla) by its longer wave-length absorption maximum, which has the location expected 
for a trialkylated conjugated diene (see Table), and like 1: 1 : 4-trimethylbutadiene (Bacon and 
Farmer, /., 1937, 1065, erroneously quoted by Norton, Chem. Reviews, 1942, 31, 369; Henne 
and Turk, ]. Amer. Chem. Soc., 1042, 64, 826) fails to give a crystalline maleic anhydride adduct. 
An approximately equimolar mixture of (II1@) and (IVa) is also obtained by the acid treatment 
of (Illa). Quantitative kinetic measurements (which will be reported in detail in a 
separate communication) show that the rearrangement (Illa) ——»> (IVa) is slower by a 
factor of ca, 1 than the rearrangement (la) ——> (IIIa), and that ([Va) is not formed directly 
from (la) to any measurable extent even under the more strongly acid conditions The 
rearrangement (Illa > ([Va) represents a five-carbon oxotropic change and is reversible, 
(IVa) being isomerised similarly Isomerisation in homogeneous solution is accompanied by 
some dehydration of (Illa) to 2-methythexa-1 : 3: 5-triene (VIa) 

The isomerisation of (IIIa) and (1Va) has previously been reported by Nazarov and Fisher 

i) who, however, employed somewhat different conditions and were only able to effect 

s 20°, conversion, without establishing equilibria The same workers have also recently 

described (Joc. cf., 1948) the partial interconversion of the lower homologues, methylbutadienyl- 
cartinol (VILT) and sorby!l alcohol (IX 

The higher homologue (III) similarly undergoes further isomerisation to an approximately 
equimolar mixture of (II114) and the secondary conjugated isomer, 6-methylthepta-3 : §-dien-2-ol 
[Vd), but in this case a complete separation of the two isomers by fractionation could not be 
readily effected. The isomers (11T5) and (I1V}5) again differ in the location of their ultra-violet 
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absorption maxima (see Table), and (IV}) does not furnish a maleic anhydride adduct. As in 
the case of (Ila), the further rearrangement of (I11d) in homogeneous solution is accompanied by 
some dehydration ; a sample of the resulting 2-methylhepta-1 : 3: 5-triene (Vb), which exhibited 
the expected light-absorption properties (see Table), was also obtained by the combined rearrange- 
ment and dehydration of (1d) with potassium hydrogen sulphate, but sufficient material was not 
available for complete tion. 

The structure of ([Vb) was proved by oxidation of the equilibrium mixture of (II1b) and 
(IVb) with -benzoquinone and aluminium féert.-butoxide in boiling benzene. The tertiary 
carbinol (I115) is unaffected by the Oppenauer reagent, whereas (IVb) is oxidised to 6-methyl- 
hepta-3 : 5-dien-2-one (VId). The quinol produced in the reaction acts as acidic catalyst, 
converting more (IIIb) into (IVb) as the oxidation proceeds. The dienone has previously been 
obtained by Kuhn and Hoffer (Ber., 1932, 65, B, 651) by the condensation of acetone and §-methy!- 
crotonaldehyde. Since the latter is not very readily accessible, the dienone was more 
conveniently prepared from $-methyicrotonic acid by reduction with lithium aluminium hydride 
to 2-methyicrotyl alcohol, followed by simultaneous oxidation and condensation with acetone 
in the presence of aluminium éert.-butoxide (cf. Heilbron ef al. ]., 1938, 175; 1949, 2031). The 
dienone was identified as semicarbazone and 2 : 4-dinitrophenylhydrazone. 


Ultra-violet light absorption properties of substituted butadienes and butadienylcarbinols in ethanol 


Gunes. Substitution 
CH —CH-CH=CHMe 23,000 ' Mono 
CH,—CH-CH=CH-C OES See 25,000 * 
CH=CH -CH=CH-CHMe H satan ememeltinanl 28,000 * 
Cc oe =CH-CH=CH-CMe, OH (Illa) ae 26,000 


CHMe=CH-CH>CHMe beers scccneove 22,500 * bi 
CHMe=CH-CH=CH-CMe,OH | 111d) socesce 26 600 


Me,C=CH-CH=CH-CHyOH (IVa)... 18.700 Tri 
Me,C=CH-CH=CH-CHMe-OH (IVb)... 22,300 

! Booker, Evans, and Gillam, J., 1940, 1488. 

* Heilbron, Jones, McCombie, and Weedon, J., 1945, 34 


The work described above shows that unsymmetrically substituted divinylicarbinols initially 


undergo irreversible rearrangement, the hydroxyl group migrating exclusively to the more 
highly substituted y-carbon atom, and that the resulting butadienyicarbinols then undergo a 
further, much slower, reversible rearrangement to the primary or secondary isomers. The fact 
that the equilibrium mixtures formed in the latter rearrangements contain approximately equal 
proportions of the tertiary and primary or secondary isomers shows that, although the mobility 
of the five-carbon oxotropy is much smaller than that of the preceding three-carbon oxotropy, 
the stabilities of the two possible final products are very similar. It might, therefore, at first sight, 
appear somewhat surprising that the initial rearrangement should proceed exclusively in one 
direction. Our interpretation of these phenomena is, briefly, as follows (a more detailed dis- 
cussion will be presented later in conjunction with kinetic data). The direction of the initial 
rearrangement will be determined by the relative ease of electron-withdrawal from the two 
y-carbon atoms, because the rate-determining step involves the detachment of a water molecule 
at the a-carbon atom and the simultaneous migration of the double-bond electron pair from the 
Sy- to the a$-position (Braude and Jones, Joc. cit.; Braude, J., 1948, 704). Methyl substituents 
facilitate electron-withdrawal from the carbon atom to which they are attached, and will 
therefore influence the relative rates of two possible rearrangements of the same carbinol in 
the same way as they influence the relative rates of the same rearrangement in two different 
carbinols. A y-methyl substituent generally increases the rate of rearrangement by a factor 
of over 100; hence (ILI) might be expected to be formed from (I) at least 100 times faster than 
(IV), and, under conditions which cause the rearrangement into (III) to proceed at a measurable 
rate, the amount of (IV) formed will be undetectably small. The position of the equilibrium in 
the subsequent five-carbon oxotropy will similarly be governed by the relative rates of the 
opposing reactions, (III) ——» (IV), and (IV) ——> (III). Now, (III) and (IV) differ only in the 
disposition of methyl substituents on the a- and e-carbon atoms. Quantitative data on the 
relative effects of a- and e-methyl substituents are not at present available, but they may be 
expected to be of the same order. Therefore, the forward and backward rates of the reaction 
(111) ==> (ITV) will be similar, and the equilibrium will be evenly balanced. 
considerations will, of course, apply to the rearrangements of the lower homologue 
(Vil) — > (VIIT) = (TX). 
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The equilibria can also be discussed from a slightly different point of view, in terms of 
energetic considerations (cf. Braude and Stern, J, 1947, 1006; Catchpole, Hughes, and Ingold, 
J., 1948, 16). The difference in energy levels of the unconjugated and conjugated isomers will 
be comparatively large (ca. 7 kcals./g-mol.}, corresponding to the resonance energy of the 
butadiene system formed in the three-carbon oxotropic rearrangement, which is therefore, for 
practical purposes irreversible. The difference in energy levels of the two conjugated isomers, 
on the other hand, will be comparatively small, corresponding only to the change in hyperconju- 
gation energy (ca. 2 kcals. /g-mol.) arising from the different number of alkyl substituents 
directly attached to the conjugated system, and the five-carbon rearrangement is, therefore, 
reversible 


EXPERIMENTAL 
M. p.» were determined on a Kofler block and are corrected 


V enylisobutenylearbinol (5-Methythexa-| : 4-diew-3-ol) (la).—Acraldehyde (25 g.) in ether (75 ml.) was 
added dropwise to a stirred, ethereal solution of isobutenyl-lithiam (from Li, 7 g.) at 10° (see Part | 
preceding paper). After a further § hour's stirring at room temperature, saturated ammonium chioride 
solution (200 ml.) was added, and the ethereal layer was separated and dried (Na,SO,-K,CO,). The 
ether was removed by distillation through a colamn, and the residue fractionated from a trace of 
potassiam carbonate to give vinylisobutenylearbinol (18 g., 36%) as a colourless liquid, b. p. 57° 8 mm., 
wif 14614 (Pound: C, 749; H, 109. C,H,,O requires C, 75-0; H, 10-89%). Light absorption in 
ethanol: « < 500 in the range 2200-4000 a 


Hydrogenation of the carbinol (1-6 g.) in methanol (20 mi.) in the presence of platinic oxide and a 
little potassium carbonate resulted in the uptake of 2 moles of bydrogen to give ethylisobutylcarbino! 
t2¢.). db p. 100-—102°/140 mm., ff 1-4170, which was oxidised with potassium dichromate in sulphuric 
ackl to ethyl isobuty! ketone, identified by the semicarbazone, m. p. 149—153° (Nazarov, Bull. Acad 
Set. U RSS... 1040, 545, gives m P 148-149"), and by the 2 : 4-dinitrophenylhydrazone, m. p. 74—-76 
Allen, J. Amer. Chem. Soc. 1930, 68, 2055, gives m. p. 75°), both undepressed on admixture with 
authentic samples 


Dimethylbutadienylcarbimol §(2-Methylhexa-3 - 5-dien-2-ol) (IIla).—A solution of vinylisobutenyl- 
carbinol (8 g.) in 60% aqueous acetone (200 ml.) containing sulphuric acid (0-001m.) was set aside for 
4 hours at room temperature. The solution was made just alkaline with aqueous 2N-sodium hydroxide 
and most of the acetone was distilled off through a column The residue was diluted with water (50 ml.) 
aod extracted with ether Fractionation of the ethereal extract afforded 2-methylhexa-3  5-dien-2-ol 

7 ¢.). b p. 02—03°/85 mm., aff 1.4758 (Found: C, 749; H, 110. Cale. for C,H,O: C, 750; H, 
105%) (Nazarov and Fisher, Bull. Acad. Set. U.R.S.S., Cl. set. chim., 1945, 631; 1948, 311, give b. p 
4445", 10 mm., nf 11-4710, 1-4760). Light absorption in ethanol; see Table 


A solution of the cartunol (1 g.) and maleic anhydride (1 g.) in benzene (10 ml.) was set aside for 3 days 
at room temperature The lactonic acsd (0-7 g.) which separated crystallised from water in needles and 
sublimed in plates, m. p. 204-207" (Found: C, 62-8; H, 6-8; equiv. by titration with 0-0lm-KOH, 212 
C,H, OyCO,H requires C, 62-0; H, 67%; equiv., 210) 

5. Methythexa-2 : 4-dien-l-ol (1Va) amd 2-Methylhewa-1: 3: S-iviene (Va a) Vinylisobuteny! 
carbinol (12 g.) was shaken for 17 hours with aqueous 0-Im-hydrochloric acid (15 m1.) The upper layer 
was separated and dried (Na,SO,-K,CO, Fractionation from a trace of potassium carbonate afforded 
2-methythexa-3 : 5-dien-2-ol (5 ¢.}, b. p. 56 2 mm nh 14763, Aue 2235 a.. 8 26.000, and 5-methy! 
hexa-2 © 4-cien-1-ol (3 g.), b. p. 87°/12 mm., aff 1-4906 (Pound: C, 74-5; H_10-8. Calc. for C,H,,0: ¢ 
76-0; H, 10-8%) (Nazarov and Fisher, Joc. eit., give b. p. 76—78°/8 mm., af 1-5060 Light absorptior 
im ethanol see Table 


6) A solution of 2-methylhexa-3 : 6-dien-2-ol (6 g.) in 80% aqueous acetone (100 ml.) containing 


sulphuric acid (0-04) was allowed to stand for 5 daysat roomtemperature. Isolation of the products as 
before afforded 2-methylhexa-3 : 5-dien-2-ol (: , 5-methylhexa-2 : 4-dien-l-ol (2 g.), and impure 
2-methylhexa-1 : 3: b-thene (1 g.), b. p. 48—52°/110 mm., w]f 15127. The triene, which rapidly 
polymerised, was also obtained by distilling 2-methylhexa-3 5-dien-2-ol from potassium bydrogen 
sulphate, and hall light’ absorption in ethanol: Max. 2480, 2570, and 2670 a., @ = 21,000, 28,000, and 
22,1000, respectively 

Propenylisobutenylearbimel (2-Methyihepta-2 . 5-dien-4-0l It Crotonaldehyde (30 ¢) in ether 
) mil.) was added drop-wise to a stirred, ethereal solution of sobutenyl-lithium (from Li, 7 g.) at 10 
Stirring was continued at room temperature for 2 hours, and saturated aqueous ammonium chloridk 
solution (200 ml.) wasadded Isolation of the products in the usual manner afforded propenylisobutenyi 
cartenol (26 g., 40%), b. p. 74°/6 mm., wf 14606 (Pound: C, 762; H, 11-1. C,H,,O requires C, 76-1 
H, 112% Light absorption in ethanol ¢ < 1000 in the range 2200-4000 a. Attempted oxidation 
ft the carbinol by heating it with acetone and aluminium fert.-butoxide in benzene for 24 hours under 
reflux gave no significant amount of high-boiling ketonic material. Oxidation with p-benzoquinone is 
accompanied by rearrangement, giving 2-methylhepta-2  4-dien-6-one (see below) 


Propyiisobutenyicarbunel (2-Methyihept-2-en-4-ol) (116) and Propylisobutyicarbunol (2-Methylheptan- 
b-od Hydrogenation of propenylisebutenylcarbinol (9 g.) in methanol (50 mi.) in the presence of 
platinte oxide and a trace of potassium carbonate resulted in the uptake of | mole of hydrogen (1760 m! 
at 18° 768 mm.), to give propylisobudenyicarbinol (8-5 g.), b. p. 73—75°/12 mm., wf 1-4444 (Found: C 
7o0, HL 128. C,H,.O requires C, 749; H, 12-7% The 5-dimstvobensoate separated from pentane 
n colourless needles, m p. 46—48"° (Found: N_ 0. C,,H,,O,N, requires N, 9-0%). Ozonisation of 
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the carbinol (1-8 g.) in acetic acid solution afforded acetone, isolated as the 2 : 4-dinitrophenylhydrazone 
(1-9 g.), m. p. 127—128°, undepressed on admixture with an authentic specimen but depressed to 106-— 
112° on admixture with the propaldehyde derivative. 

Hydrogenation of propenylisobutenylcarbinol (1-8 g.) in methanol (30 ml.) in the presence of a 5% 
palladium-calcium carbonate ca (0-5 8.) resulted in the uptake of 1 mole of Camere to give 
propylisobutylcarbinol (1 g.), b. p. 113—114°/130 mm., »ff 1-4196. An authentic imen of the latter 
was prepared from ytd Dt Bw and »-propylmag bromide (Muset, C Zentr., 1907, 1, 
1313, gives b. p. 160°, mp 14203). Both samples gave the same 3 : 5-dinifrobensoate, which crystallised 
from pentane in plates, m. p. 66—68° (Found: C, 542; H, 64; N,90. C,,H,,O,N, requires C, 53-8; 
H, 64; N, 00%). 


Dimethylpentadienyicarbinol (2-Methylhepta-3 : 5-dien-2-ol) (111b).—A solution of propenyliso- 
butenylcarbinol (9 g.) in 80% aqueous acetone (200 ml.) containing sulphuric acid (0-001m_) was kept at 
room temperature for 10 minutes. Isolation of the product in the usual manner afforded 2-methyl- 
hepta-3 : 5-dien-2-ol (7 g.), b. p. 68-—69°/9 mm., aff 1-4 (Found : C, 76-1; H, 10-8. C,H,,O requires 
C, 761; H,11-2%). Light absorption in et : see Table. The isomerisation could also be effected 
with a variety of other weakly acidic reagents, ¢.g., dilute solutions of acetic acid, assium dihydrogen 
phosphate, or quinol. No rearrangement, on the other hand, was observed on treatment with 
M-potassium fert.-butoxide in tert.-butanol for 24 hours at 78°. 


A solution of the carbinol (1 g.) and maleic anhydride (1 g.) in benzene (3 ml.) was kept at room 
temperature for 6days. The lactonic acid (0-7 g.) which separated crystallised from aqueous methanol as 
ma m. p. 20¢—206° (Found: C, 668; H, 74%; equiv. by titration with 00lm-KOH, 226 
CygH,.O, requires C, 643; H, 7-2%; equiv., 224). 

Hydrogenation of the carbinol (2 g.) in methanol in the presence of platinic oxide resulted in the 
uptake of 2 moles of hydrogen to give dimethy!-n-amylcarbinol (1-5 g.), b. p. 74°/18 mm., njf 14248. An 
authentic specimen of the latter, prepared from n-amylmagnesium bromide and acetone, had b. p 
106° /109 mm., nj? 1-4190 (Muset, cit., gives b. p. 162°/760 mm., mp 14303). Both samples with 
3: 5-dinitrobenzoy! chloride in pyridine gave the same 3: 5-dinitrobensoaie, which crystallised from 
pentane in needles, m. p. 47-—-48° (Found: C, 542; H, 65; N, 88. C,,H,,O,N, requires C, 53-8; H, 
65; N, 90%). Light absorption in ethanol: Max. 2260 a., ¢ — 27,600. The 4 5-dinitrobenzoate was 
also pre red by treating the carbinol in pyridine with 3 : 5-dinitrobensoyl bromide. This bromide was 
obtained on treating the acid with phosphorus pentabromide and extracting the crude product with 

mtane in a Soxhlet apparatus. It crystallised from pentane in needles, m. p. 61—62° (Found: C, 
1-2; H, 10; N, 104; Br, 201. C,H,O,N,Br requires C, 30-6; H, 1-10; N, 10-2; Br, 20-0%) 
6-Methythepta-3 : 5-dien-2-ol (IVb) and 2-Methylhepta-1 : 3: 5-triene (Vb).—(a) Propenylisobutenyl- 
carbinol (10 g.) was shaken with aqueous 0-01m-hydrochloric acid for 12 hours at room temperature 
Isolation of the products in the usual manner afforded a mixture (9 g.) of 2-methylhepta-3 : 5-dien-2-ol 
and 6-methylhepta-3 : 5-dien-2-ol. Ultra-violet light absorption data showed that the two isomers were 





present in ny equal proportions (Agss. 2300 and 2360 a., ¢ « 22,500 and 22,500 respectively) 


Only partial separation was achieved on fractionation, the fraction containing the highest proportion of 
the secondary carbinol having b. p. 78—80°/9 mm., »}f 1-4975 (Found: C, 75-6; H, 10-6. Cale. for 
C,H,,O: C, 76-1; H, 11-2%) 

(+) A solution of 2-methylhepta-3 : 5-dien-2-ol (6 g.) in 80% aqueous acetone (100 ml.) containing 
sulphuric acid (0-001m.), kept at room temperature for 2 days, afforded a mixture (4 g.) of the carbinol and 
its secondary isomer in about equal wate and impure 2-methylhepta-1 : 3: 5-triene (1 g.), b. p 
66—68°/100 mm., n}f 1-5246 (Found: C, 85-9, H, 11-8. Calc. for C,H,,: C, 88-0; H, 112%). The 
triene was also obtained on distill ropenylisobutenylcarbinol from potassium hydrogen sulphate 
Light absorption in ethanol Max. 2610 and 1710 a., ¢ = 41,000 and 31,000, respectively; inflection 
2510 a., € = 29,000 


6-Methylhepta-3 : 5-dien-2-ome (V1b).--(a) Propenylisobutenylcarbinol, or an equilibrium mixture of 
2-methyl- and 6-methyl-hepta-3 : 5<lien-2-ol (see above) (5-0 g.), aluminium frt.-butoxide (10 g.), 
p-benzoquinone (5 g.), and benzene (50 ml.) were heated for 5 hours under reflux. The mixture was 
acidified with dilute sulphuric acid and extracted with ether. Fractionation of the ethereal extract 
afforded 6-methylhepta-3 : 5-dien-2-one, b. p. 83°/16 mm. (2 : 4-dinitrophenylhydrazone, m. p. 219-— 
221°, undepressed on admixture with the authentic specimen described below) 


(6) B-Methylcrotonic acid (5-5 g.) was reduced by treatment with lithium aluminium hydride (3-0 g.) 
in boiling ether (Nystrom and Brown, /. Amer. Chem. Soc., 1947, 69, 2648) to 2-methylcroty! alcoho! 
(3-8 g.), - 84—86° /80 mm., »ff 1-4382 (Lennartz, Ber., 1943, 78, B, 841, gives b P 48°/li mm., =i 
14420) © alcohol was heated with acetone (20 ml.), aluminium frt.-butoxide (5 g.), and benzene 
(50 ml.) for 30 hours under reflux, to give the dienone, b. p. 45°/0-3 mm., ab 1-5278 (Kuhn and Hoffer, 
Ber., 1932, 65, B, 651, give b. p. 86-——-87°/15 mm., =}? 15202). Light absorption in ethanol; Max. 2860 a., 
e = 18,000. The semcarbazone had m. p. 189—192° (Fischer and Lowenberg, Annalen, 1932, 494, 263, 
give m. p. 192°). The 2 : 4-dinitropheny azone crystallised from benzene in bright red needles, m. p 
217—-220° (Found: C, 56-6; H, 56; N, 186. C,,H,,O,N, requires C, 55-3; H, 63; N, 184%) 
Light absorption in chloroform: Max. 2700, 3080, and 3000 4., ¢ = 20,000, 21,600, and 38,000 
respectively ; inflection 2800 a., ¢ = 13,500. 
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412. Alkenylation by Use of Lithium Alkenyls. Part III. The Synthesis 
of Unsaturated Ketones from isoButenyl-lithium. 
By E. A. Baavpe and J. A. Cores 
isoButeny!-lithiam (cf. Part I, J., 1960, 2000) reacts with lithium acetate, benzoate, or 
crotonate to give mesity! oxide, phenyl! tsobuteny!l ketone, or propenyl isobuteny! ketone, 
respectively. Only poor yields of ketones are obtained from the reaction between ssobuteny! 
hthiam and the acid chlorides 


Propeny! isebuteny! ketone, the structure of which is proved by catalytic hydrogenation 
undergoes | 4-addition with methyl|magnesium bromide to give tiobutyl ssobuteny! ketone 


In the two preceding papers, the synthesis of unsaturated carbinols from tsobuteny!-lithium 
has been described. The present work deals with the synthesis of unsaturated ketones and 
provides a further illustration of the usefulness of this new type of organo-metallic reagent 

A variety of carboxylic acid derivatives, including acid chlorides (Kloppenburg and 
Wibaut, Rec. Trav. chim., 1946, 65, 393), anhydrides (Wibaut, Kloppenburg, and Beets, ibid, 
1044, 63, 134), nitriles (Ziegler « al, Annalen, 1932, 405, 84; 1933, 504, 94; 1934, 512, 164 
Gilman and Kirby, /. Amer. Chem. Soc, 1933, 55, 1265), and lithium salts (Gilman and van 
Eas, hid, p. 1258: Arens and van Dorp, Rec. Trav. chim., 1946, 65, 338; Heilbron, Jones, and 
Richardson, ]., 1049, 287), has been employed for the synthesis of ketones from alkyl- and 
ary! lithium derivatives. The last-named method appeared particularly suitable in the present 
case in view of the observation (Part I, J., 1960, 2000) that carboxylation of isobutenyl-lithium 
affords, besides §-methylcrotonic acid, considerable proportions of phorone which must be 
formed by the reaction of the alkenyl-lithium with the lithium salt of the acid. An additional 
advantage of the use of lithium salts as secondary components is that the hithium alkeny! can be 
formed in their presence, thus reducing the incidence of side-reactions 

In this manner, isobutenyl-lithium has been condensed with lhthium acetate, benzoate, or 
crotonate in ether to give mesityl oxide (1), phenyl isobutenyl ketone (II), or propenyl 
isobutenyl ketone (III). As previously (Parts I and Il), appreciable amounts of the Wurtz 
product, 2: 5-dimethylhexa-2 : 4-diene, are also formed, and this limits the yields of ketones to 
30.40%, based on the bromide. Only small yields of ketones were obtained on treating 
isobutenyl-dithium with acetyl! or crotonyl chloride, and no significant amount of ketone could 
be isolated after reaction with acetonitrile 

Pheny! tsobuteny! ketone has previously been prepared by various methods (Kohler, Amer 
Chem. J7., 1909, 42, 308; Blaise and Herman, Ann. Chun, 1911, 28, 530; Darzens, Compt. rend., 
1920, 189, 767), but the physical constants recorded for this compound are somewhat conflicting 
It has now been characterised as p-nitrophenylhydrazone, m. p. 168°, and 2 : 4-dinitropheny!- 
hydrazone, and was readily hydrogenated over platinum oxide to phenyl isobutyl ketone. The 
low boiling point, and the low-melting p-nitrophenylhydrazone (m. p. 132°) recorded by Blaise 
and Herman (loc. cif), suggest that their product was not phenyl isobutenyl ketone. On 
treatment with methyimagnesium bromide, the ketone underwent exclusively 1 : 2-addition to 
give phenyimethylisobutenyicartinol (IV) (Ravier, Compt. rend., 1934, 198, 1786; Part I, lox 
it). This is in contrast to the reaction with phenylmagnesium bromide which results mainly 
in 1: 4-addition (Kohler, loc. ci A different behaviour of methyl- compared with ethyl- or 
phenyl magnesium halde towards a$-unsaturated carbonyl compounds has also been observed 
in other cases (Klages, Ber , 1906, 39, 2502; Kohler, Amer. Chem. ]., 1907, 38, 529) 

Apart from phorone, only few simple dialkeny! ketones have been described in the literature 
(Nazarov ef al, Pull, Acad. Sa., U.S.S_.R., Cl. Sa. Chim., 1945, 505; 1946, 91, 202; 1947, 641, 
647; 1948, 118, 236 Propenyl isobutenyl ketone (III), like its lower homologues, is a pale 
yellow liquid and does not form a semicarbazone under the usual conditions. It was 
characterised by the 2: 4-dinitrophenyihydrazone. It readily absorbed two moles of hydrogen 
in the presence of platinic oxide to give propyl isobutyl ketone. On treatment with methyl- 
magnesium bromide, propenyl isobutenyl ketone furnished as the sole product ssobutyl iso- 
butenyl ketone (dihydrophorune) (V), previously obtained by Paal (Ber., 1912, 45, 2226) by the 
partial hydrogenation of phorone 


Laois Me Mg tir 


LwA 
Me OCHCOMe < Me (CCHLi > MefCCHCOPh —————> Me,CCH-CMePh-OH 


(1) MeC HCHO, | It) ‘ (Iv.) 
v MeMg Br 
Me, CCH-CO-*CHIOCHMe —> Me,CCH-CO-CH,CHMe, 
(IIL) (V.) 
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It was identified by the semicarbazone, m. p. 137°, and was also characterised by the 2: 4- 
dinitrophenylhydrazone. The exclusive occurrence of 1: 4-addition to the propenyl keto- 
group in this case is by no means unexpected, since ethylidencacetone and other propeny! 
ketones undergo mainly | : 4-addition (Kohler, Amer. Chem. J., 1907, 88, 511), whereas only 
1 : 2-addition takes place with mesityl oxide, phorone (Fellenberg, Ber, 1904, 37, 3578), and 
phenyl isobuteny! ketone (see above). 

Attempts to prepare vinyl tsobutenyl ketone by the condensation of isobuteny!-lithium 
with lithium acrylate or acrylonitrile failed owing to extensive polymerisation of the acrylic 
derivatives under the influence of the organo-metallic reagent (cf. Beaman, J. Amer. Chem. Soc., 
1948, 70, 3115). isoButenyl-lithium failed to react with lithium formate or ethyl orthoformate 
under the usual conditions. 


EXPERIMENTAL. 
(M. p.s were determined on a Kofler block and are corrected.) 


isoiiutenyl-lithium.—As the preparation of isobutenyl bromide from (fert.-butanol (Braude and 

Timmons, /., 1950, 2000) is rather tedious, an alternative route, adapted from Farrell and Bachman 
(J. Amer. Chem. Soc., 1935, 57, 1281), was employed vers oxide in 400-g batches was converted 
into 8-methylcrotonic acid (180 g.) by treatment with specially stabilised, 15%, aqueous sodium h 
chlorite solution (7 1.), kindly furnished by Milton Ant Limited through the courtesy of Mr. 
Lincoln (Barbier and Leser, Bull. Soc. chim., 1905, $8, 815). The acid (360 g.) was treated with bromine 
(600 g.) in carbon disulphide (1-2 1.) at 0° and the crude dibromoisovaleric acid (m. p. 107°; 800 ¢.) was 
refluxed with sodium carbonate (660 g.) and water (2-5 1.) for 30 minutes. Steam-distillation yielded 
crude isobuteny! bromide which was dried (CaCi,) and fractionated from a small piece of sodium. The 

we a | 130 g.) had b. p. 91—92°/760 mm., »ff 1-4610 (Farrell and Bachman, Joc. cit., give b 

» , 14625; Braude and Timmons, loc. cit., give b p. 91-0—91-3°, nf} 1-4603) and reacted with 
a a lithium in sodium-dnied ether after an induction period of 30 minutes. All condensations 
were carried out under nitrogen using the apparatus previously described. 


Mesityl Oxide (1).—(a) From lithium acetate. To a suspension of me [wane lithium acetate (33 g., 
0-5 mol.) and lithium (6-9 g., 1 mol.) in ether (1 1.), a solution of isobuteny! bromide (68 g., 0-5 mol.) was 
added during 30 minutes. After 24 hours’ stirring, the reaction mixture was cooled in a solid carbon 
dioxide—methanol bath and treated with excess of saturated aqueous ammonium chloride solution 
500 ml.). Isolation of the products in the usual way afforded mesity! oxide (18 g., 36%) (identified by 
the 2 : 4-dinitrophenylhydrazone, m. p. 203°, undepressed on admixture with an authentic specimen) 
and 2 : 5-dimethylhexa-2 : 4-diene (7 g., 26%) (identified by the dihydrobromide, m. p. 66°; Braude 
and Timmons, /oc. cit., give m. p. 68"). 


(b) From acetyl chloride. A solution of isobutenyl-lithiom (from Li, 83 g.) in ether (1:5 1.) was 
filtered through glass wool under nitrogen pressure, and then added — to a solution of acetyl chloride 
43 ml.) im ether (50 mi.) at 0°. After 2 hours’ stirring and working up in the usual way, mesity! 
oxide (11 g., 19%) and 2: 5-dimethylhexa-2 : 4-diene (8 g., 30%) were obtained. No ketone was isol- 
ated from an experiment in which acetyl! chloride was ad directly to the isobutenyl-lithium solution 
at 0 


c) From methyl cyanide. No significant amount of mesity! oxide was obtained from the reaction 
between methy! cyanide (0-25 mol.) and tsobutenyl-lithium (0-25 mol.), the main product consisting of 
high-boiling nitrogen-containing materials. 


Phenyl isoButenyl Ketone (11).—Anhydrous lithium benzoate (65 g.) was treated with isobuteny!- 
lithium (from Li, 6-9 g.) as above to henyl tsobutenyl iotene = -, 40%), a pale yellow liquid, 
b. p. 120-—121°/4 mm., nf? 1-5598 ( aod C, 82-1; H, 7-46, uires C, 82-5; H, 7-6%) 
(Kohler, Amer. Chem. ]., 1900, 42, 398, gives b. p. 148° /22 mm. ; Shuiet and erman, Ann. Chim, oft, 
23, 530, give b. p. 117 10 mm., Darzens, Compt. rend., 1929, 189, 767, gives b. p. 134°/12 mm.) Light 
absorption in ethanol: Max. 2600 and 3410 A., ¢ = 19,600 and 140. The f- nitrophenyih ydrazone 
crystallised from methanol in orange crystals, m. p. 168°, unc after chromatography on alumina 
using benzene-—chloroform and after fusion (Found: C, 68-90; H,62; N, 142. Cale. for C,,H,,O,N, 
C, 60-1; H, 58; N, 142%) (Blaise and Herman, loc. cit., give m. p. 132°). Light absorption in chioro- 
form: Max. 3080 and 4250 a.,¢ < 5,300 and 35,400. The 2 : 4-dinstiro, ie Con ree from 
ethanol in aoa lates, m. p. 185-186" (Found: C, 50-9; H, 49; 16-7. Cy,sH ON, requires C, 
600; H, 47; 6-5%) Aght absorption in chloroform: Max. 3910 a., ¢ = 2b'000 tions 
2560 and 2789 a., 's 7,700 and 11,600. No semicarbazone could be obtained under the ‘anna condi- 
tions. Hydrogenation of the ketone (3 g.) im ethyl acetate (50 ml.) in the presence of platinic oxide 
resulted in the uptake of 420 ml. of hyd en at 20°/760 mm. (Calc., 420 ml.) and gave phenyl isobutyl 
ketone (2-5 g.), b. p. 108°/16 mm., #}f 1-5108 (Schroeter, Ber 1907, 40, 1601, gives b 128° /25 mm., 

1-6139), which was characterised ry the oxime. m 77° (Rhemboldt and Role , Ber, 10%, 87. 

. 74°), semicarbazone, m. p. 200-210 ) A nmi ~~ Levy, Compt. rend., 1926, 183, 970, 
», 503 7 53; N, pg ms OW, 
ax 


3880 _. 


yicarbimol (2-Phenyl-4-methylpent3-en-2-ol) av) Pheny! isobutenyl ketone 
&. 


Phenylmeth 
"eg bake oh ah ge reece waged, meee yilmagnesium bromide (from 2-3 g.) in ether (250 ml.) at 
©. After 2-5 hours, the com: with saturated Seumasainen ehloride extetiin (160 mi.) 
to give the carbinol (13 g., 91%) %). b. p. 66"/ * mm., «ff 15289, « < 2000 at 2580 a. (Ravier, Compt. 
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vend, 1934, 196, 1786, gives b. p. 95°/9 mm., sff 1-534; Braude and Timmons, icc. cit., give b p 
64° /10°* mm., wf) 1-5253) 

Propenyl inoButenyl Ketowe (LI1).—(a) From lithium crotonate. Condensation of anhydrous lithium 
crotonate (45 g.. 0-5 mol.) with isebutenyl-lithiam as above and fractionation of the products yielded 
propeny! isobutenyl Actone (17 g., 30%), a pale yellow anid. b. p. 72°/16 mm., “t 1-4922 (Found 
C, 769; H, O89. C,H.O requires C, 77 H, 98% aght absorption in ethanol: Max. 2560 and 
3490 4., ¢ ~ 16.500 and 870. The 2 : 4-dinitrophenylaydrasone crystallised from methanol in deep-red 
ery m. p. 141° (Pound: C, 65-4; H, 54; N. 184. C,,H,,O,N, requires C, 556-3; H. 53; N, 184% 

Aght absorption in chloroform: Max. 2500 and 3870 a., ¢ « 18,600 and 34,200. No semicarbazone 
could be obtained sader the usual conditions. Hydrogenation of the ketone (3 g.) in ethyl acetate 
50 mi.) in the presence of platinic oxide resulted in the uptake of 1100 ml. of hydrogen at 17°/766 mm 
Calc., 1160 ml.) and gave propyl isobuty! ketone (2-5 g.), b. p. 154° /760 mm n¥ 1-4098 (semicarbazone 
m. p. 124-125 

b) From crotomyl chlonde. Addition of a solution of isobutenyl-lithiam to an ethereal! solution of 
the chloride (44 mi.), and isolation of the products as above, afforded the ketone (6 g., 5%) (2 : 4-dinitro 
phenylhydrazone, m. p. and mixed m. p. 141°) 


iso Butyl isoButeny! Ketone (V).—Propenyl ssobuteny! ketone (7 g.) in ether (10 ml.) was treated with 
methylimagnesiom bromide (from Mg, 1-4 g.) in ether (150 ml.) Vhen worked up in the usual way, 
isobuty! inobuteny!l Acetone (4-5 g.. 66%) was obtained as a colourless liquid, b. p. 31°/0-1 mm., wff 1-4534 
Pound: C, 771; HL. 118. C,H,,O requires C, 77 H, 11-56%). Light absorption in ethanol: Max 
2390 and 3230 a.. ¢ « 11,200 and 530, respectively. The 2 : 4-dinitrophenylhydrazone was chromato 
gre d on alumina from benzene solution and crystallised from methanol in red plates, m. p. 92° (Found 
N, 170. CH YON, requires N, 17-56%). Light absorption in chloroform: Max. 3720 a., ¢ = 26,500 
Ne trace of a second 2 4 roy Oy jrazone was obtained. The semicarbazone separated from 


light petroleum (b. p. 100-120 saving m. p. 137-138" (Paal, Ber., 1912, 45, 2226, gives m. p. 133 
iss 
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413. Alkenylation by Use of Lithium Alkenyls. Part IV. The Con- 
densation of cycloHexenyl-lithium with Aldehydes and Ketones, and 
Some Reactions of the Resulting Carbinols. (Studies in Molecular 
Rearrangement. Part V.) 


By E. A. Bravupe and J. A. Cores 


1-Chiorocyeiohexene, when highly purified, reacts readily with lithium in ethe 
yelohexenyl-lithium (1), carboxylation of which affords cyclohexene-l-carboxylix 
and dicyelohex-l-enyl ketone (III). Condensation of cycichexenyl-lithium with benzaldehyde 
benzophenone, acraldehyde, or crotonaldehyde furnishes the expected carbinols, the constit 
ution of which is proved by catalytic hydrogenation, in 40-60% yields 

On treatment with dilute acids, cyclohexenylpheny!- and eyciohexenyldiphenyl-carbinol (IV) 
undergo oxotropic rearrangement to the cyclohexylidene derivatives (V) The latter are 
dehydrated to the corresponding semicyclic dienes (V1), which are dehydrogenated to diphenyl- 
and triphenyl-methane, respectively. cycloHexenylvinyicarbinol (VIII; R = H) similarly 
undergoes rearrangement to the cyeichexylidene derivative (IX; R =< H), the constitution of 
which is proved by conversion into 2-s-propyleyelohexanone. cycloHexenylpropenyicarbinol 
Vill. R Me), unlike its lower homologue, undergoes rearrangement with migration of the 
hydroxy! group into the side chain, to give the isomeric carbinol (X; R Me) which is con- 
verted by Oppenauer oxidation into the ketone (XI), a known lower homologue of B-ionone 


Tnis paper describes, in part, the preparation and some reactions of cyclohexenyl-lithium 
The scope of synthetic applications of lithium alkenyls is thus extended to cyclic derivatives 
Preparation and Carboxylation of cycloHexenylitthium.—Iin the preparation of acyclic 
lithium alkenyls (Parts I-III, preceding papers), the easily accessible alkenyl bromides can 
be employed. In the isocyclic series, the chlorides are much more readily prepared and 
fortunately proved very suitable for the purpose in hand. 1-Chlorocyclohexene, when highly 
purified by fractionation, reacts smoothly with metallic lithium in ether, and the good yields 
of condensation products obtained with carbonyl compounds (see below) show that the chloride 
is converted into cyclohexenyl-lithium to the extent of 60°, 


» Or more. In contrast to the 
behaviour of ssobutenyl bromide (Part I), metalation of cyclohexeny! chloride with lithium is not 
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accompanied by a coupling reaction, and no dicyelohexenyl is formed. cycloHexeny! chloride 
did not react appreciably with magnesium, or with sodium in ether, even in the presence of 
benzophenone, which was recovered unchanged 

An ethereal solution of cyciohexenyl-lithium with excess of solid carbon dioxide afforded a 
mixture of the expected carboxylic acid, cyclohexene-l-carboxylic acid (II), and the expected 
ketone, di(cyclohex-l-enyl) ketone (III). The acid was identified by its melting point and as 
the amide. The ketone was characterised by the 2 : 4-dinitrophenylhydrazone, but, like other 


. co, 
Li ( } Hi 
\ 


1) ~ an) (mL) 


dialkenyl ketones (cf. Part LII), it did not form a semicarbazone. The ketone readily absorbed 
two moles of hydrogen in the presence of platinum oxide to give dicyclohexyl ketone. The 
structures of the acid (11) and of the ketone (111) were also confirmed by their ultra-violet light 
absorption properties (see Table) characteristic of an a$-ethylenic acid and of a di-a$-unsaturated 
ketone, respectively. No indication was obtained of the formation of any unconjugated isomers, 
and the lithium metalation of the halide is thus not accompanied by any migration of the 
ethylenic double bond. 

Whereas alkyl halides are often equally reactive towards lithium in hydrocarbon solvents 
and in ether (Gilman, Moore, and Baine, ]. Amer. Chem. Soc., 1041, 68, 2470; Meals, /. Org 
Chem., 1944, 9, 211), cyclohexenyl chloride did not react appreciably with lithium in light 
petroleum (b. p. 60—80"). In the presence of benzaldehyde, the dehydration product (VI; 
R = H; see below) of the expected carbinol was obtained in small yield. It has been claimed 
(Wittig and Harborth, Ber., 1944, 77, B, 306) that cyclohexenyl-lithium is an intermediate in 
the formation of phenyleyclohexene from cyclohexenyl chloride and phenyl-lithium, but as has 
already been pointed out (Part I) evidence in support of this assertion appears to be lacking 

Preparation, Rearrangement, and Dehydration of cycloHexenylphenyl- and cycloHexenyl- 
diphenyl-carbinol.—cycloHexenyl-lithium in ethereal solution condensed smoothly with benz- 
aldehyde to give cyclohexenylphenylcarbinol (IV; R = H), a high-boiling liquid, in 40% yield. 
The structure of the carbinol is proved by its ultra-violet light absorption properties, which are 
similar to those of benzyl! alcohol, and by its hydrogenation to cyclohexylphenylcarbinol. On 
treatment with dilute hydrochloric acid in aqueous acetone (IV; R « H) readily underwent 
the expected oxotropic rearrangement (cf. Braude, Jones, and Stern, J., 1946, 306; Braude and 
Timmons, Part I) to give 2-benzylidenecyclohexanol (V; R = H), a low-melting solid, which 
was characterised by the p-nitrobenzoate and exhibits ultra-violet light absorption properties 
typical of styryl derivatives (see Table). On distillation from potassium hydrogen sulphate, the 
cyclohexanol was dehydrated, though incompletely, to 3-benzylidenecyclohexene (VI; R = H), 
which exhibits ultra-violet light absorption properties typical of a I-phenylbutadiene (see 
Table). Finally, the diene (VI) was dehydrogenated, either by bromination with N-bromo- 
succinimide followed by dehydrobromination with diethylaniline or, in better yield, by heating 
at 200° with palladised charcoal (Linstead and Thomas, /., 1940, 1127) to diphenylmethane, the 
hypothetical intermediate triene (VII; R = H) undergoing immediate prototropic rearrange- 
ment to the fully benzenoid hydrocarbon. The diene (VI; R =< H) was also obtained in low 
yield (20%) when lithium, cyclohexenyl chloride, and benzaldehyde reacted together in 
refluxing light petroleum (b. p. 60-—80°), the intermediate lithium derivative of the carbinol 
(IV; R = H) possibly eliminating lithium hydroxide under these conditions 


i OH 
A 


(Iv.) 


In a similar manner, condensation of cyclohexenyl-lithium with benzophenone afforded the 
solid cyclohexenyldiphenylcarbinol (IV; R= Ph) in 65% yield. Unlike the monophenyl 
derivative, it could not be hydrogenated over a platinum oxide or a palladium-calcium carbonate 
catalyst at ordinary pressure, or over a Raney nickel catalyst at 20 atmospheres, presumably 
owing to “ catalyst hindrance " imposed by the additional phenyl group (cf. Linstead ¢f ai., 
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J. Amer, Cham. Soc., 1942, G4, 1965). On treatment with dilute hydrochloric acid in aqueous 
acetone, the carbinol underweut rapid oxotropic rearrangement to 2-benzhydrylidene- 
eydohexanol (V; K = Ph) which is readily dehydrated to 3-benzhydrylid yvdob (VI; 
Ko « Ph). The cyclohexanol (V; R <— Ph), which was characterised as the 3 : 5-dinitrobenzoate, 
exhibits ultra-violet light absorption similar to 1: |-diphenylethylene (see Table) aad, on 
oxonisation, aflords benzophenone in good yield. The diene (V1; R « Ph) also exhibits the 
expected light absorption properties and ms smoothly dehydrogenated by palladised charcoal 
at 200° to triphenyimethane 

Preparation and Rearrangement of cycloHexenyluinyl- and cycloHesenylpropenyl-carbinol.— 
Condensation of eyclohexenyl-lithiam with acraldehyde or crotonaldehyde afforded the expected 
carbinols (VIII; R = H or Me) in 45% and 60% yields, respectively. Their constitution was 
confirmed by the lack of high-intensity light absorption in the 2300-a. region and, in the case of 
cycohexenyltvinylearbinol, by catalytic hydrogenation to cyclohexylethyicarbinol, followed by 
oxidation of the latter to cyclohexy! ethyl ketone 

On treatment with dilute acids, the carbinols (VIII) are converted into conjugated isomers 
which exhibit high-intensity maxima near 23504. The oxotropic rearrangement could 
theoretically give rise to two isomers (IX) and (X), depending on whether the hydroxyl group 
migrates into the ring or along the side chain. It was shown in Part II that, in the acyclic series, 
the hydroxy! group in an unsymmetrical dialkenylcarbinol migrates initially to the more highly 
substituted y-carbon atom. It would, therefore, be expected that the first rearrangement product 
of eydohexenyivinyicarbinol (VIIL; R = H) should be (IX; R <— H) rather than (X; R = H) 
This is found to be the case, 2-allylideneeyclohexanol (IX; RK = H) being the sole product 
obtained on rearrangement in aqueous acetone containing hydrochloric acid. The structure of 
2-allylidenecyclohexanol was established by catalytic hydrogenation to 2-9-propyleyc/ohexanol 
and oxidation of the latter to 2-9-propyleycichexanone. An authentic sample of the ketone 
was prepared by treating cyclohexanone with »-propyl bromide in the presence of potassium 
tert.-butoxide under conditions recommended by Johnson ef al. (J. Amer. Chem. Soc., 1948, 70, 
5021; 1949, 71, 1384) for the Stobbe condensation, and was characterised as the 2 : 4-dinitro- 
phenylhydrazone 
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With cyclohexenylpropenytcarbinel (IX; R Me), both y-carbon atems can be regarded 
as monoalkyl-substituted, but the electron accession at the y-carbon atom in the ring will be 
smaller than that at the y-carbon atom in the side chain, since the hyperconjugative effect of a 
methyl group is larger than that of any other alkyl group. Moreover, migration into the ring 
would be expected to be impeded by the strain accompanying the formation of an exocyclic 
double bond. This factor is evidently not one of predominant influence, since it does not prevent 
the formation of (IX) rather than (X) from the lower homologue, cyclohexenylvinyicarbinol ; but 
it may contribute in determining the direction of rearrangement in cyclohexenylpropenylcarbinol 
where the alkyl! substitution of the two y-carbon atoms is more evenly balanced. In agreement 
with these considerations, cyelohexenylpropenyicarbinol rearranges in aqueous acetone 
containing hydrochloric acid to 4-cyelehex-1l'-enylbut-3-en-2-ol (X; R = Me), the constitution 

f which was proved by Oppenauer oxidation to 4-cyclohex-1’-enylbut-3-en-2-one (XI; R Me), 

s lower homologue of S-:onone recently synthesized by two other routes by Heilbron, Jones, 
Richardson, and Sondheimer (/., 1949, 737). A considerable proportion of the di-ether of 
X; R Me) is also formed. Self-etherification of this type has also been observed in several 
other related cases (cf. Heilbron, Jones, and Weedon, /., 1045, 8&1 Braude, Fawcett, and 
Newman, J., 1950, 793); further rearrangement in aqueous ethanol instead of aqueous acetone 
gives only the ethyl ether of (X R Me Kinetic studies of the various rearrangements 
ileseribed in this paper are in progress and will be reported separately 

The ultra-violet light absorption properties of the various derivatives are collected in the 
Table, together with data for appropriate reference compounds 

The extension of this work to other cyclic lithium alkenyis (particularly cydopentenyl- and 
alkylated cyelohexenyl-lithium derivatives) and their apphcation to the synthesis of terpenoid 
compounds ts now under investigation 
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Daan, .* 
eyeloHexene-|-carboxylhic acid ‘m denneni —_ ; 2120 
Crotonic acid ....... = bi : . 2000 


Dicyclohexeny! ketone (II) ..........-.. PoE SI ERENT rg 
Dipropenyl ketone seve aasocqnsaneee “ , : ong 
2-Benzylidenecyclohexanol (V; R= H) . : . 2430 
8-Methylstyrene . ; - ‘aoe secant ‘ 2460 


2 Pye ce ee shexanol Vv: R 2 a : 2400 
1-Diphenylethylene ‘ 2500 


3-Benzylidenecyclohexene (VI; R — H) ones 
2230 
1-Phenylbutadiene bipitas ; 4 


3-Benzhydrylidenecyclohexene (VI; R = Ph) Arg Fish 2260 


2810 
2-Allylidenecyclohexanol (IX; R = H) .... 
Allylidenecyclohexane . ons 

4-cycloHex-1l-enylbut-3-en 2-01. 

1-Vinyleydohexene 


* Main maxima in ethanol solution 

* Mohler and Lohr, Hele. Chim. Acta, 1038, 81, 485 (in water). * Braude and Coles, Part V (to 
be published). * Ramart-Lucas and Amagat, Bull. Soc. chim., 1932, 61, 108. * Arends, Ber., 1931, 
64, 1936. * Brande, Jones, and Stern, /., 1947, 1087. * Booker, Evans, and Gillam, /., 1940, 1453 


EXPERIMENTAL. 
(M.p.s were determined on a Kofler block and are corrected.) 


cycloHex-1-enyl-lithium.—-1-Chiorocyclohexene of high purity is required. Although the chloride 
has been obtained by several workers (Skita and Ritter, Ber., 1911, 44, 674; Favorski, ]. Gen. Chem. 
Russia, 1936, 6, 720; Bloomfield, /., 1944, 114; Mousseron, Winternitz, and Jacquier, Ce . vend., 
1946, 223, 36), its preparation does not appear to have been adequately described. cycloHexanone 
(250 ml.) was added, during |—-2 hours, to high-grade phosphorus pentachioride (500 g.) contained in a 
1-1. flask, the flask being cooled in ice-water and frequently shaken. Next day, the contents of the flask 
were added drop-wise to water (3 1.) and the mixture was extracted with ether (1 1). The ethereal 
solution was dried (CaCl,), the ether removed by distillation, and the product fractionated, to give the 
chloride as a colourless liquid (180 g., 60%), b. p. 96°/160 mm., #ff 1-4798. It gives no immediate 
precipitate with alcoholic silver nitrate, but decomposes slowly when kept at room temperature, and 
must be refractionated immediately before use 


For the metalation, the freshly-distilled chloride (58 g., 0-5 mol.) was added slowly to a stirred 
suspension of finely-cut lithium (6-9 g., 1 mol.) in sodium-dried ether (1 1.) under nitrogen. Reaction set 
in after an induction period of ca. $—~1 hour, the solution becoming slightly turbid. A little later, the 
solution assumed a greenish or bluish colour. Stirring was continued overnight, almost the whole of the 
metal being consumed. A smal] amount of unchanged cycichexeny! chloride (not exceeding 5%) was 
usually recovered from subsequent condensations 


cycloH exene-1-carborylic Acid (11) and Di(cycloher-1- wn) Ketone (111) .-—Excess of solid carbon dioxide 
(300 g.) was added to a solution of cyclchexenyl-lithium (from Li, 6-9 g.) in ether. After being stirred 
overnight, the solution was acidified with dilute aqueous hydrochloric acid. The ethereal layer was 
separated and extracted with aqueous sodium carbonate he alkaline extract was acidified and the 
cyelohexene-l-carboxylic acid (3 g., 5%) which — was crystallised from light petroleum (b 

60-80") and then had m. p. 37° (von Auwers and Krullpfeiffer, Ber, 1915, 48, 1396, give m. p. 38-39") 
Light absorption in ethanol: Max. 2120 4., ¢ = 11,000; inflections 2070 and 2170 4., « = 8,000 and 
10,500, respectively. The amide separated from water in tes, m. p. 136° (Found: C, 666; H, 88; 
N, 11-0. Cale. for CJH,,ON : C, 67-2; H, #8; N, 11-2%%) (Einhorn, Ber., 1893, 26, 457, gives m. p. 127"). 


The ethereal solution was evaporated to give di(cyclohes-l-enyl) ketone, which separated from light 
petroleum ( i 60-80") in stout, colourless prisms, m. p. 50° (Found: C, 82-3; H, 98. C,,H,,O 
requires C 2; H, 95%). Light absorption: see Table. The 2: 4-dinitrophenylhydrazone was 
chromatographed on alumina from benzene—chloroform and, after crystallisation from methanol, had 
m. p. 159° (transition at 147°) (Found: C, 610; H, 60; N, 15-3. C,,H,,O.N, requires C, 61-6; H, 60; 
N, 151%). Light absorption in chloroform : Max. 2560 (e = 15,600) and Sumo a ie =~ 3,000) No 
semicarbasone was obtained under the usual conditions. 


Hydrogenation of the ketone (3-7 g.) in ethyl acetate (50 ml.) in the presence of platinic oxide resulted 
in the up’ take of 900 ml. of b at 17°/766 mm. (Calc., 950 mi.), giving dicyclohexy! ketone (3g), 
b. p. 103°/0-3 mm., oP 1-401, “The oxime, c from ethancl, had mp. 164° (Geuerka and 
Marvel, /. Amer. Chem. Soc. 1928, 60, 1180, give 138-100") and the semicarbazone, from 
aqueous alcohol, had m. p. 195—196° (Danilow and Ven , Ber., 1929, @, . give m. p. 
195°) 
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‘ 2 ey ae ay (IV; R = H).--Preshly distilled benzaldehyde (53 ¢ . ©-5 mol.) in ether 
(0 mil.) was during | hour to a solution of cycichexeny!-lithium (from Li, 69 g.) in ether at 0 

After the mixture had been stirred overnight, saturated aqueous ammonium chloride (550 ml.) was added 

The ethereal layer was ated, dried (Na,50O, ry ,), and worked up in the usual manner to give 
cyclohesenylphenylearbinol (36 g., 40%), b. p. 116°/2 x 10* mm., aff 1 (Found: C, 8&2; H, #5 

€ h,,O requires C, 83-0; H, 85%). Light absorption in ethanol: Max. 2450 a., ¢ = 1,700 


Hydrogenation of the carbinol (3-4 g.) in ethy! acetate (30 mi.) in the presence of platinic oxide 
resulted in the uptake of 420 ml. of hydrogen at 15°/768 mm. (Calc., 450 ml.) to give eyclohexy!phenyl- 
carbinol (3 g.). b. p. 128°/2 mm... which solidified when kept and crystallised from pentane in colourless 
prisms, m. p. 3840" (Sabatier and Mailhe, Compt. rend., 1904, 139, 345, give m. p. 41°) 


2-Bensylidenecyclohesanal (V; KR = H).--A solution of cyclohexenylphenylcarbinol (4 g.) in 60% 
aqueous acetone (100 ml.) containing hydrochloric acid (0-Im_) was kept for 18 hours at room temperature 
After neutralisation with aqueous potassiom carbonate solution, the acetone was distilled off through a 
column, and the residue extracted with ether Fractionation of the ethereal extract afforded 
2-bensylidenecyciohesanal (3-5 g¢), b. p. 110°/10°* mm., which solidified when kept and crystallised from 
aqueous methanol in colourless acedies, m. p. 62° (Found: C, 82-0; H, 88. C,,H,,O requires C, 83-0 
H, #5%). Light absorption in ethanol: see Table =. attrobensoate crystallised from light petroleum 
(b. p. 80") and had m. p. 124" (Found: N,4@#3. C,H,,O,N requires N, 42%) 

3. Hensylidenecyclohexene (VI; R « H).—(a) The above carbinol was distilled from potassium 
hydrogen sulphate ina high vacuum. The product was again distilled from potassium hydrogen a 
to give S-bensylidenecyclohesene, b. p. 81°/10°* mm “Bo 16100 (Pound: C, 01-5; H, 85 

y 


I 
"tse 
requires C, 91-7, H, &3%). Light absorption: see Tat 


b) 1-Chiorceyelohexene (20 ¢.. 0-25 mol.), lithium (3-5 g.. © 5 mol.) and benzaldehyde (27-5 g.) in 
oxiium-dried light petroleum (b. p. 60-80") (500 ml.) were stirred for 20 hours in an atmosphere of 
nitrogen. Only 3-benzylidenecycichexene (5 g., 20%) was obtained 


[nphenylmethane 4) 3-Benzylidenecyclohexene (1 g.) was refluxed with N-bromosuccinimide (4g 
and benzoy! peroxide (20 mg.) in carbon tetrachloride (70 ml.) for 3 hours, and the resulting dibromide was 
heated with diethylaniline (5 ml.) for | hour at 100°. The impure diphenylmethane (0-3 g.) thus obtained 
was oxidised with potassium dichromate in sulphuric acid to benzophenone (2 : 4-dinitrophenylhydrazone 
m. p. 238-239", undepressed on admixture with an authentic specimen) 


b) 3-Benzylideneeyclohexene (1 g.) was heated with a palladium-charcoal catalyst (0-3 g.; Linstead 
and Thomas, /., 1960, 1127) at 200° for 22 hours in a slow stream of nitrogen. On ether-extraction 
diphenyimethane (0-6 g.) was isolated and converted into benzophenone 2 : 4-dinitrophenylhydrazone 
m. p. 238.230", as above 


cycloHexenyldiphenylearbinal (IV. R = Ph Benzophenone (91 g.) in ether (200 ml.) was added 
to evyelohexeny!ithium (from Li, 60 g.) in ether at 0 After 18 hours’ stirring, saturated aqueous 
ammonium chloride solution (500 m!.) was added and the ethereal layer was separated and dried. On 
removal of the ether, the residue solidified and, after being washed once with light petroleum (b. p. 0— 
80”), crystallised from aqueous ethanol to give cyclohexenyldiphenylcarbinol (58 g., 60%) as white prisms, 
m. p. 154-155" (Pound: C, 861; H, 7-8 C,,H,O requires C, 86-4; H, 7-6%). Light absorption in 
ethanol Max. at 2560, 2580, and 2640 4., «¢ = 420, 450, and 345. A solution of the carbinol in benzene 
assumes a deep yellow colour on addition of one drop of concentrated sulphuric acid 


The carbinol was not hydrogenated in methanol in the presence of platinic oxide or a palladium- 
charcoal catalyst at ordinary pressure, or with a Raney nickel catalyst at 20 atmospheres’ pressure 


2-Renshvdrviidemecyclohesanol (V K Ph 2-Benshydrylidenecyclohesene (VI R = Ph), end 
Triphenylmethane The above carbunol (3 g_) was dissolved in 80% aqueous acetone (100 ml.) containing 
hydrochloric acid (O-Im.) and the solution set aside for 18 hours at room temperature The solution was 
neutralise! with aqueous potasmum carbonate, the acetone removed by distillation through a column, and 
the residue extracted with ether The ether was evaporated off, and the oil which remained was 
extracted with a little pentane. The insoluble portion of 2-benzhydrylidenec yclohexanol crystallised from 
ethanol in colourless prisms, m. p. 110-111 Found C, 86-6; H, 7-7. C,,H,,O requires C, 86-4; H, 
74% Light absorption — see Papi Oxonolysis of the carbinol (2 g.) in carbon tetrachloride (40 ml.) 
for 18 hours, followed by decomposition of the ozonide with boiling water (100 ml.) and zinc dust (3 g.), 
gave an oily product which on treatment with phenylhydrazine afforded only benzophenone pheny}- 
hydrazone (1) Se 62%), m. p. 138-139", undepressed on admixture with an authentic specimen 


The pentane-soluble portion gave 3-benzhydrylsdenec yclohexene (1 g.), which crystallised from aqueous 


las a pale yellow solid, m. p. 67-—68° (Found: C, 92-3; H, 7-4. C,H), requires C, 92-7; 
73% Light abeorption see Table The hydrocarbon (0-8 g.) was heated with a palladium-charcoal 


catalyst (0-25 @¢ ) at 200° for 20 hours, as described above Extraction with hot light petroleum (b. p 
80.100") afforded triphenyimethane, m. p. 92-5", undepressed on admixture with an authentic specimen 


ethan 


cycloHcacavimavicartiad (VIII R H Acraldehyde (28 ¢., 05 mol.) in ether (30 ml.) was 
slowly added to cyeiohexeny!-lithium (from Li, 60 g.) in ether at 0 Stirring was continued for | hour 
at room temperature and the products were worked up in the usual manner. After separation of a 
considerable quantity of solid polymeric material, cyclohesenyleinyicarbinol (26 g.. 40%) was obtained 
as a colourless liquid, b. p. 04°13 mm., 67°/0-4 mm., »f 1-4986 (Found: C, 78:3; H, 10-3. C,H,,O 
requires C, 78-3; H, 10-29%, Light absorption in ethanol « < 200 in the region 2200-—4000 a 

l-cyclo/feryipropan-l-ol._ Hydrogenation of cyclohexenylvinylcarbinol (945 g.) in absolute ethanol 
(60 mi.) in the presence of platinic oxide resulted in the uptake of 3200 ml. of hydrogen at 17°/766 mm 
Cale, 3300 m! ) to give l-cyclohery/propan-l-ol (#5 g.), b. p. 88°/16 mm., ws}? 1-4662 (Found: C, 75-6; 
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H, 12-5. C,H,,O requires C, 761; H, 12 7 The carbinol (5 §) was oxidised with um 
dichromate in sulphuric acid to ethy! ketone (3 g.), b. p. 82°/16 mm., «ff 1-4628 ( and 
Duroux, Bull. Soc. chim., 1940, 7, 459, give b. p. 79°/9 mm.). © ketone was identified the oxime, 
m. p. 70—72° (Colonge and Duroux give m. p. 72°), and by the semicarbazone, m. p. 154° (Colonge and 
Duroux give 151°). 

2.Allylidenecyclohexanol (IX; R = H).—A solution of cyclohexenylvinylcarbinol (10 g.) in 60% 
aqueous acetone (200 ml.) containing hydrochloric acid (0-024m_), for 18 hours at room temperature, 
gave 2-allyisdenecyclohexanol (7-5 g.) as a colourless 2. . b. p. 100°/16 mm., «Pf 1-5340, which pore? 
solidified on storage; it had m. B 41—43° (Pound: C, 78-5; H, 10-3. C,H,,O requires C, 78:3; H, 
10-3%). Light absorption: see Table. 

mA vhs ee emer Fn yy —(a) Hydrogenation of 2-allylidenecyclohexanol (2-45 g.) in ethyl acetate 
15 ml.) ethanol (15 ml.) in the presence of platinic o resulted in the uptake of $50 mi. of hydrogen 
at 18°/771 mm. (Calc., 900 ml.), to give 2-n-propyleyclohexanol, b. p. 88°/16 mm., ff 1-4677 (Pujise, 
Chem. Zentr., 1929, 1, 2001, r ed b. p. 84°/6 mm., nif 11-4604). The alcohol was oxidised um 
dichromate in sulphuric acid to 2-m-propyleyelchexanone, b. p. 80°/16 mm., wif 14562 (Vavon and 
Anziani, Bull. Soc. chim., 1927, 41, 1642, give b. p. 84°/13 mm., =}? 1-4558). 
carbazone, m. p. 118—121°, and a 2 : 4-dinitr: yibydrazone, m. p. 153-154", both u 
admixture with the authentic specimens descri below 

(b) eycloHexanone (6 g.) and n-propyl bromide (8 g.) were added, in one lot, to a boiling solution of 
potassium fert.-butoxide (from potassium, 2-8 g.) in fert.-butanol. After 20 minutes, the solution was 
allowed to cool and then acidified with ice-cold hydrochloric acid. Isolation of the product in the usual 
manner afforded 2-»-propyleyclohexanone (2-5 g., 30%), b */16 mm., »f 14502. The semi- 
carbazone, crystall from aqueous ethanol, had m. p. 116 Tis (Found : C, 61-46; H, ®@7; N, 21-1 
Calc for C,,H,,ON,: C, 610; H, 95; N, 21-39%) (Vavon and Anziani, loc. cit., give m. p. 134°; Dice, 
Loveless, and Cates, ]. Amer. Chem. Soe., 1949, 71, . give m. p. 119-—120°) he 2. 4-denstrophenyi 
hvdrasone was Chromatogr on alumina from ben. orm and crystallised from ethy! acetate 
in red plates, m. p. 153—154° (Found : C, 56-4; H, 63; N, 17-6. C,,H,O,N, requires C, 563; H, 6-3, 
N, 17-69%). Light absorption in chloroform : Max. 3680 a., ¢ = 22,400 

cycloH exenylpropenyicarbinol (VIIL; R = Me).—Freshly distilled crotonaldehyde (35 g., 0-5 mol.) in 
ether (50 ml.) was added to cyclohexeny!l-lithium (from Li, 6-9 g.) in ether at O°. Stirring was continued 
for 26 hours and the product was worked up in the usual manner. cycloHexenylpropenyicarbinol (42 g., 
55%) distilled as a colourless liquid, b. p. 88° /0-8 mm., nf? 1-4998 (Found: C, 78-7; H, 10-7. C,,H,,O 
requires C, 70-0; H, 10-56%). Light absorption in ethanol: « < 200 in the region 2200-4000 a 

Rearrangement of (VIIL; R «— Me).—A solution of the above carbinol (5 g.) in 60% aqueous acetone 
(100 ml.) containing hydrochloric acid (0-Im.) was set aside for 24 hours at room temperature. The 
products were fractionated to give 4-cyclohes-1’-enylbut-3-en-2-ol (3 g.), b. p. 116°/16 mm., nf 1-5260 


(Found : C,793; H,10-7. C,,H,,O requires C, 79-0; H, 10-59%), and the corresponding ether (1-5 g.), b. p 
130°/10°* mm., «}f 1-5312 (Found: C, 63-8; H, 106. C,, 6 requires C, 83-0; H, 105%). The 


ether produced no effervescence with an ethereal solution of methylmagnesium iodide. Light absorption 
of the carbinol: see Table. Light absorption of the ether in ethanol: Max. 2320 4., « « 28,000 
|Added, 3.5.50. Since this paper was submitted, the above alcohol has been described by Chaniey and 
Sobotka (/. Amer. Chem. Soc., 1949, 71, 4140) who give b. p. 90°/1-6 mm., wHf 16220, A... 2335 4., 
« 24,300.) 

Rearrangement of cyclohexenylpropenyicarbinol in 60% aqueous ethanol containing hydrochloric 
(0-Im.) or acetic acid (0- 1m.) resulted in the formation of the corresponding 2-ethory-4-cyclohes-1'-enylbut- 
3-ene (6 ¢.), b. p. 107°/16 mm ae 1-5012 (Pound: C, 70-7; H, 11-2. C,.H,,O requires C, 80-0; H, 11-1%). 
Light absorption in ethanol: Max. 2350 a., « = 23,000. 


4-cycloHex-l'-enylbut-3-en-2-ome (X1; R «= Me).-—4-cycdoHex-l'-enylbut-3-en-2-ol (4 g.), aluminium 
tert.-butoxide, dry benzene (200 ml.), and acetone (100 ml.) were refluxed for 30 hours. The product was 
worked up in the usual manner to give 4-cyclohex-l’-enylbut-3-en-2-one (2 g.), b. p. 65°/0-1 mm., aff 
15401. It formed, in 90% yield, a 2: 4-dinit enylhydrazone which was chromatographed on 
alumina from benzene-ethy! acetate and crystall from ethyl acetate in deep-red prisms, m. p. 196 
197°, undepressed on admixture with an authentic specimen (Heilbron, Jones, Richardson, and 
Sondheimer, /., 1949, 737) 


Attempted Formation of \-cycloHexenylsodium.—1-Chiorocydohexene (60 g., 05 mol.), sodium 
(23 g., 1 mol.), and benzophenone (46 g.) in ether (100 ml.) were stirred for 15 hours in an atmosphere of 
nitrogen, the solution being refluxed for part of the time. The solution assumed a deep blue colour 
owing to the formation of the ketyl, but most of the sodium remained undissolved. The solution was 
filtered and benzophenone (40 g.) was recovered. 1-Chioroeyclohexene similarly failed to react with 
magnesium in ether. 
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414. The Mechanism of Oxidation of Monoethenoid Fatty Acids. Factors 
influencing Hydroperoxide Formation and Transition in Catalytic 
Autoxridations. 

By J. H. Sxetio~x 


The formation and decomposition or transition of hydroperoxides during autoxidation of 
highly perified oleic acid under various conditions have been investigated. Ultra-violet light 
alone causes little or no direct hydroperoxide formation when the acid is exposed in a closed 
quarts cell of in benzene solution fn the presence of air and with limited humidity, small 
amounts of peroxide slowly develop. A oxidation of oleic acid at room temperature in 
presence of strong ultra-violet light resalts in rapid formation of hydroperoxide, which then 
undergoes transition or decomposition. As with methyl esters, catalytic autoxidation of the free 
ack! first results in an increased rate of peroxidation as the temperature increases, but hydro- 
peroxide transition also increases, so that at the higher temperatures the maximum amount of 
peroxidation is much smaller 

The effects of metallic catalysts on different stages of oxidation have been examined. One 
group of metallic cations in the form of oil-soluble soaps exerts a maximum effect at the hydro- 


peroxide transition stage, whilst another group is more efficient in the initial phases of 
uxidation 


Autoxidised oleic acid (in which hydroperoxide transition has occurred) containing metallic 
catalysts is again subject to slow peroxidation on storage with limited access to air and light 


CONSIDERABLE progress has been made in recent years on problems connected with the elucid- 
ation of oxidation mechanisms in monoethenoid fatty acids. Formation and transition or 
decomposition of peroxidic oxygen during aerial oxidation of oleic and elaidic acids and their 
esters have been established by various authors (see, inter a/., Gunstone and Hilditch, J., 1945, 
836; Skellon, /., 1948, 343; Skellon and Thruston, J., 1949, 1626), whilst the general influence 
of catalysts was described by Skellon and Spence (J. Soc. Chem. Ind., 1948, 242). Aerial 
oxidation of methyl oleate and elaidate in the presence of ultra-violet light at 35° yields the 
corresponding hydroperoxidic ester (Farmer and Sutton, /., 1943, 119; Sutton, /., 1943, 242) 
it appears that catalytic autoxidations may proceed according to specific mechanisms and 
there is evidence that the hydroperoxide transitions invariably afford ketonic derivatives 

Whilst the general efficiency of catalysts in gaseous autoxidations is known, little information 
is available about their intrinsic influence at different stages of these complex processes 

In the work now described, the stability of the initial hydroperoxide under varying external 
influences has been studied in detail, particularly effects of ultra-violet light, temperature, time, 
and catalyst 

Whilst ultra-violet light accelerated hydroperoxidation to a limiting value in aerial oxidations 
at room temperature, exposure of oleic acid, in closed quartz vessels or in benzene solution, to 
ultra-violet rays alone caused no appreciable peroxidation although there was evidence of 
change in configuration. However, previous exposure of unsaturated fatty acids to ultra-violet 
light reduced the induction period in subsequent aerial oxidations 

Comparison of catalytic autoxidations of oleic acid at 65° and 120° for short periods showed 
that first there was an increase in the rate of peroxidation at the higher temperature, followed by 
an increase in the rate of transition, with consequent smaller maxima of hydroperoxidic oxidation, 
again indicating that, in high-temperature catalytic autoxidations, hydroperoxide formation 
and transition take place more rapidly than, and possibly in a different way from, that at lower 
temperature. The present results show that metallic cations of different periodic groups may 
exert specific catalytic influence at the primary or the secondary stage of autoxidation of 120° 
One group of typical metals (such as lead, aluminium, or barium) appears to accelerate the 
primary stage of peroxidation but has only a moderate effect on the transition stage. Another 
group, represented by thallium and zinc, has generally little catalytic activity which, however, is 
particularly marked at the transition stage to ketonic derivatives 

On the other hand, metals such as cobalt, vanadium, etc., appear to exert a positive effect at 
both the primary peroxidation and the transition stage, although maximum contents of peroxidic 
oxygen are small owing to continuous decomposition at 120° 

These results have provided valuable data for controlled autoxidation of monoethenoid 
fatty acids and may explain the varying activity of metallic “ driers,” which appears to be 
closely related to the atomic structure of the metal present as cation; according to Vold and 
Hattiangdi (Jad. Eng. Chem., 1949, 41, 2311) “ drier “ action is a maximum during early stages 
of autoxidation of ethenoid chains rather than at the final polymerisation 

Finally, fatty acids and esters catalytically autoxidised at 120° for short periods appear to be 
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susceptible to further slow changes on storage. Oleic acid, autoxidised for 7 hours at 120° 
(005% of metal catalyst) and subsequently left for long periods even in corked tubes with 
limited access to air and light, again slowly acquired an increased peroxidic-oxygen content, 
without gelation, whereas, in open dishes in films, the acid became viscous and even gelled. 
The increase in peroxidic-oxygen content on long storage may be caused by further slow satur- 
ation of residual ethenoid linkages, with little or no decomposition, consequent on the limited 
surface exposure to a minimum of air and light 

From these various observations it seems likely that the oily complexes present in the 
products of short thermal catalytic oxidations contain another type of peroxide not identifiable 
with the original hydroperoxide. Subsequent decomposition of such complexes by hydrolysis 
leads to a variety of scission products which appear to justify this view 

According to a mechanism of catalytic gaseous oxidation applicable to monoethenoid fatty 
acids and esters previously advanced (Skellon, loc. cit.), initially formed hydroperoxides are 
transformed in part into ketols, and further entry of oxygen affords mainly a monomeric oily 
product, little polymerisation occurring up to 10 hours. The oily product from methyl oleate 
had an approximate composition C,,H,,O, but liberated little iodine from potassium iodide. 

Ellis (Biochem. J., 1950, 129), as a result of more prolonged autoxidation of oleic and elaidic 
acids (45— 100°), indicated that the products contained monoacy! derivatives of dihydroxystearic 
acid, a- and $-unsaturated keto-acids, and products of dimerisation and polymerisation con- 
taining §-keto-acids. He also isolated cis- and trans-11-ketoheptadec-8-ene-l-carboxylic acid 
(A-keto-oleic and -elaidic acids) by chromic acid oxidation of ricinoleic acid (J., 1960, 9), and 
considered that the autoxidations yielded successively olefinic acid, olefinic keto-acid, olefinic 
keto-peroxide, and peroxidation products (including an epoxide). Separate experiments on 
the autoxidation of this keto-oleic acid at 42° apparently gave high peroxide yields (27%) after 
24 hours. 

The results serve to emphasise the complexity of these autoxidations, which depend on 
external conditions. In this laboratory, work is continuing on short catalytic high-temperature 
autoxidations of pure monoethenoid fatty acids and derivatives, under conditions which it is 
hoped will prevent undue dimerisation or polymerisation 


EXPERIMENTAL 


Preparation of Pure Oleic Acid.—Oleic acid was prepared from olive oi) (500 g.) by wy eg 
described (J. Soc. Chem. Ind., 1931, G, 1311) (Found: L.V., 89-0, 80-8; equiv., 281-8, 282 Cak 
for C,,H,,O,: 1.V., 90-1; equiv., 282) 

Influence of Ulira-violet Light on Peroxide Formation in Momo-cthenoid Fatty Acids. Pure Oleic 
Acid.—Pure oleic acid, in quartz cells, was exposed to the full rays of a mercury-vapour one (i) in 
presence of a slow stream of oxygen, (ii) in open quartz cells with subsequent oxidation, (iii) with limited 
access to air, (iv) in closed quartz cells, and (v) ia beneaee solution. The results are given in Table | 


Taare I. 
Influence of ultra-violet light on peroxtdic oxygen content of pure oleic acid. 


Oleic acid exposed in open quartz vessel in presence of a slow stream of oxygen at room temp. : 


Time of exposure (hrs.) ......... 2 4 6 s 10 12 
Peroxidic oxygen, found, % . 0-43 050 1-406 0-65 0-57 om 


Peroxidic oxygen, 
Oleic acid exposed for 10 hrs. in an open ams cell, Subsequently oxidised found, % 
for 7 hours at 120° . 0-61 
. Oleic acid exposed in a flat dish of large surface area to direct rays for 48 hrs 0-47 
Oleic acid exposed in open quartz cell, with limited access to air, for 16 hrs. ... 0-04 
. Oleic acid exposed in a closed quartz cell, for 16 hrs. 0 
. Oleic acid in zene solution in an open quartz cell, ex posed for # hrs. . 0 


When oxygen was passed into oleic acid yy to ultra-violet light at room temperature, 
rs 


the peroxidic-oxygen content rose to 1.06% in 6 , the acid thereafter commencing to undergo 
transition. Farmer and Sutton np oy 1943, 119) found 0-64% of active oxygen on photochemical oxidation 
(4 hours) “ methyl oleate at < 


expomare to ultra vo 
in ein caveus 1%) or thown whale cil (Found : acid val. att 
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oxygen, 0-617%). It may be noted, however, that the intrinsic effect of ultra-violet light in absence of 
air is minute 


Catalytic Owidations. Catalyst Influence im Primary and Secondary Phases of Aerial Omdation 
Changes in Peroxidic-oxygen Content of Pure Oleic Acid during Autoxidation at 120°.—(a) Im presence o 
pure metallic soaps. Catalysts used in the following experiments included oleates of Co, Pb, V. Al, Ba, Tl, 
and Zn, and cobalt linoleate and naphthenate. Preparations and analyses were by the following methods 
preparation and analysis of cobalt and vanadium compounds (/. Soc. Chem. Ind., 1945, 67, 365); 
thallium oleate (Menzies, /., 1924, 1148); barium oleate (/. Soc. C Ind., 1931, 8, 1311). Oleates of 
lead, aluminium, and tinc were prepared by double decomposition from sodium oleate. Typical analysis 
of the oleates were: Co, 10-1 (calc. 9 5%) ; Pb, 25 icak 69°.) :-V,746 (calc. 8 1% : Al, 3 (calc. 3 1% ; 
and Zn, 10-1% (cale. 10-3% 


Taste Il 
Catalyst influence on the vate of autoxidation of pure oleic acid (120°; 7 hours 


Catalyst, 0-05%, of metal as oleate 


) Pb V Ra Tl Zn 

Maximum peroxidic-oxygen content, found, % 0-758 70 0-57 oes 0-83 0-76 
Time to attain above maximum peroxide content 

hrs 5 5 
Rate of increase of peroxidic-oxygen content 

(unite per hr 7 O15 
Minimum peroxidic-oxygen content (7 hrs 

found % 2 2 i 0.59 
Kate of transition of peroxidic-oxygen content 

units per hr ‘ rt O-O8 
lodine value (7 hrs.) 47-9 
Rate of fall of iodine value (units per br 60 
Acid value (7 hrs.) 170-5 
Rate of fall of acid value (units per hr 38 


Taste Lil 


Peroxidic-oxrygen content, ° 


2 


2 5 
oo 
oz) 0-33 O38 
second specimen of vanadium oleate 


Tasce 1\ 
Changes im pertonidic-orygen content (%) of previously oxidised oleic acid 


After After storage in loosely corked tubes for 
Catalyst (06-05%, of metal oxidation 15 months 18-30 months 

Cobalt oleate (commercia 
Cobalt oleate (pptd 0-33 (30 months 
Cobalt linoleate (commercia 
Cobalt tungate ommerc tai 
Vanadium oleate II 0-66 (15 months 
Molyt<dienum oleate 
Titanium oleate 
Lead oleate 
Nickel oleate ‘ 0-33 (30 months 
‘ ppet oleate = 


b) Autoridetions. Oxidation experiments were carried out in a glass vessel fitted with a Bakelite 
ver, with arrangements for efficient mixing and for temperature control (+ 1°) as previously described 
Skellon, loc. cst Samples were withdrawn at regular intervals during oxidation for determination of 
acid value, iodine value, and peroxidic-oxygen content (iodometrically The changes in peroxidic 
oxygen content with a series of catalysts are illustrated in Table II, expressed as percentage of active 
xygen (Calc. for C,,H,,O,, 509%, The rates of decrease of acid value and iodine value during 
autoxidation are also given 


Influence of Temperature.—-The results of catalytic oxidations of pure oleic acid at 65° and 120° are 
rded in Table [1], the catalyst being vanadium oleate (0 05°, of metal 


At the lower temperature, peroxide formation was slower during the first 2 hours; after 4 hours it 


apidly accelerated to twice the value obtained at 120°, thereafter diminishing rapidly 
t { fter-effect ’ of Catalyst in Presence of a Limited Amownt of Au and Light.—-Autoxidised olek 
cul (7 hours; 120°; 005%, of metal as soap) was left in loosely corked tubes with limited access to air 
and light Peroxidic oxygen content was redetermined at intervals of 15-——30 months The results are 
recorded in Table IV 


a 
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In these cond P idic-oxygen content increased, the change on the nature of the 
catalyst; with cobalt and other transition-metal cations, the amount of " t”’ change was 
The conditions, it should be noted, were entirely different from those prevailing when unsaturated y 
acids or t oils are exposed in films to excess of air and light, decomposition of peroxide then being 
followed by polymerisation and gelation. 
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415. Studies on Phosphorylation. Part VI. The Reaction between 
Organic Bases and Esters of the Oxy-acids of Phosphorus. An Inter- 
pretation based on a Comparison of Certain Aspects of the Chemistry 
of Sulphur and Phosphorus. 

By V. M. Crark and A. R. Topp 


The monodebenzylation of neutral! esters of phosphorous, phosphoric, and pyrophosphorix 
acids, containing one or more benzyl groups, by tertiary amines (Baddiley, Clark, Mic y 
and Todd, J., 1949, 815) has been extended to include all classes of amines. Debenzylation 
can also be brought about by base hydrochlorides. The influence of structure on the capacity 
of an amine to debenzylate such esters is discussed, and a general interpretation of the reactions 
involved is advanced based on a comparison with analogous reactions occurring among organic 
derivatives of the oxy-acids of sulphur. 


In Part V of this series (Baddiley, Clark, Michalski, and Todd, /., 1949, 815) it was shown that 
neutral esters of phosphorous, phosphoric, and pyrophosphoric acids, containing one or more 
benzyl groups, can be selectively monodebenzylated by reaction with a tertiary amine. This 
reaction has since been studied in some detail and has been extended to include a variety of bases 
including primary and secondary amines. The results of this study, which covers both the 
influence of structure on the capacity of an amine to bring about this reaction and the debenzyl- 
ating action of base hydrochloride are now reported. A comparison of the behaviour of certain 
derivatives of the oxy-acids of sulphur with that of the phosphorus compounds under discussion 
has led to a general interpretation of the debenzylation reaction. For convenience in present- 
ation, it is desirable to consider at the outset some of the reactions of the sulphur compounds. 

There are many examples of the selective removal of one alkyl group from an alky! ester of an 
oxy-acid of sulphur resulting from the use of the ester to alkylate an amine, or from hydrolysis, 
i., the alkylation of the water molecule or the hydroxyl ion. Such dealkylation can result from 
solvolysis or from a bimolecular nucleophilic displacement, though the latter fs more frequent 
(McCleary and Hammett, ]. Amer. Chem. Soc., 1941, 68, 2254; Morgan and Cretcher, ibid, 
1948, 70, 375). In the displacement reaction, the attacking entity (¢.g., a nitrogenous base, an 
alkoxy! or hydroxy! ion) seeks an electron-deficient point in the sulphur-containing molecule, and 
in particular, for alkylation to occur, the alkyl group, and not the sulphur atom, must be the 
centre for this attack. It is convenient to discuss the behaviour of the various classes of sulphur 
compounds separately 

Quadrivalent Sulphur Compounds.—The dialkyl esters of sulphurous acid are very weak 
alkylating agents, being virtually unaffected by nitrogenous bases. Thus, Voss and Blanke 
Annalen, 1931, 485, 258) showed that aniline and pyridine were alkylated by dialky] sulphites 
at room temperature only after several weeks, and even then the reaction was far from complete 
By comparison, the alky! chlorosulphinates (RO-SO-C]), in which one of the alkoxyl groups of a 
dialkyl! sulphite has been replaced by a chlorine atom, show greatly enhanced reactivity towards 
organic bases. The chlorine atom is a much more powerful electron-acceptor than the alkoxy! 
group it replaces and in consequence the central sulphur atom has an enhanced electrophilic 
character. Moreover, the inductive effect of the halogen atom is relayed to the a-carbon atom 
of the alkyl group, which thereby becomes a second centre for nucleophilic attack. This duality 
of positive centres in the chlorosulphinate molecule is implicit in the two mechanisms of decom- 
position which are observed in the presence of a tertiary base. Thus, Gerrard (/., 1936, 688) 
observed that, on addition of pyridine to an alkyl chlorosulphinate in cold dry ether, a yellow 
oily mixture of l-alkylpyridinium chloride and |-alkylpyridinium chlorosulphinate separated in 

60 
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quantity, leaving about 40°, of alkyl chloride in the ethereal layer. To account for his 
observations, Gerrard put forward two mechanisms which are now represented thus : 


Mechanism A 


It should be noted that the above formulation of mechanism A represents the extreme case 
in which a chloride ion is actually liberated. The same products would be obtained were the 
attack of the chlorine atom on the alky! group to be intramolecular and contemporaneous with 
the attack of the base on the sulphur atom. Mechanism A accounts for the formation of alkyl 
chionde and the liberation of sulphur dioxide, the base-SO, complex readily decomposing with 
continuous regeneration of the base. Such complexes have been isolated (Bateman, Hughes, 
and Ingold, J., 1044, 243) and are known to decompose very readily into their components 
(Hoffman and Van der Werf, J]. Amer. Chem. Soc., 1946, 68, 997; 1948, 70, 262). This 
mechanism also receives support from the work of Kenyon, Lipscomb, and Phillips (/., 1930, 
415) on the replacement, by means of thionyl! chloride, of the bydroxyl group in an optically 
active alcohol by a chlorine atom: in the absence of a tertiary base, optically active chloro- 
sulphinates underwent decomposition to the chloride with retention of configuration, but, in 
the presence of a tertiary base, an intermediate was formed with liberation of chloride anions, 
these anions then taking up suitable positions for the production of the chloride with inversion 
of configuration. This is precisely what would be expected on the basis of mechanism A 

Mechanism B accounts for the isolation of the quaternary alkyl-pyridinium chloride, for it is 
inconceivable that this is formed by the addition of alky]l chloride to the base during the reaction 
Combination of tsoamy! chloride and pyridine in dry ether proceeds so slowly at room temperature 
that no deposit of salt occurs in three months, even when the solution is saturated with dry 
sulphur dioxide (Gerrard, loc. cit.) 

Sexavalent Sulphur Compounds.—The alky! chlorosulphonates would be expected to behave 
analogously to the alkyl chlorosulphinates, save that the sulphur atom, having an enhanced 
positive character relative to the a-carbon atom of the alkyl group, would be attacked in 
preference to, although not to the exclusion of, the alky! group Two reaction mechanisms are 
possible, ¢¢., with pyridine 


Vechantom A 


RCH, 


R-CH,C1 


C,H.N,SO, 


Vechamiom B 


so, + a- 
In mechanism A, a base-SO, complex is formed, together with the alkyl chloride, whereas in 
mechanism B, the quaternary chlorosulphonate (or chloride) is formed. Both these mechanisms 
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have received experimental verification, for Willcox (Amer. Chem. J., 1904, 38, 446) obtained 
dimethylaniline-sulphur trioxide (in 83% yield), together with ethyl chloride, by treating ethyl 
chlorosulphonate with dimethylaniline in the cold (mechanism A) and also isolated a little of the 
quaternary dimethylethylanilinium chloride (mechanism B). Baumgarten (Ber., 1926, 58, 
1166) obtained similar results using pyridine in place of dimethylaniline, and Binkley and 
Degering (Proc. Indiana Acad. Sci., 1939, 49, 117) found that they could obtain an alkyl halide 
and a base-SO, complex using dibutylamine; in the latter case, however, the complex, being 
in effect an amino-sulphonic acid, formed a salt with a further molecule of the secondary amine : 


ROSO,C) + Bu,NH —> RCI + Ba,NH.SO, ———> (Bo,NH,*)(Bu,'-S0,-) 


With respect to mechanism B, Traube (Z. angew. Chem., 1925, 88, 441) found that he could 
alkylate aniline using ethy! chlorosulphonate, and Delépine and Demars (Bull. sci. pharmacol., 
1923, 30, 577) showed that methyl chlorosulphonate alkylated dimethylamine at 0°. 

Effect of the Variation of R on the Interaction of Bases with RO*SO-C) and RO-SO,R’.-—-When 
R is an aryl group, the carbon atom carrying the chlorosulphinate residue is no longer a centre 
for nucleophilic attack. The electrophilic character of the sulphur atom is also reduced. Thus, 
although the alkyl chlorosulphinates are decomposed by tertiary amines at room temperature, 
pheny! chlorosulphinate does not react with pyridine or quinoline below 120° (Gerrard, ]., 1940, 
218). However, when R is aralky! the chlorosulphinates are much less stable since the a-carbon 
atom of, ¢.g., the benzyl group is predisposed to nucleophilic attack (cf. Hughes, Trans. Faraday 
Soc., 1941, 37, 627); benzyl chlorosulphinate decomposes at room temperature (Carré and 
Libermann, Compt. rend., 1933, 196, 1419). 

In the light of the above evidence, the ary! esters of sulphonic acids would be expected to be 
very poor arylating agents, as indeed they are, the pheny] ester of toluene-p-sulphonic acid being 
unafiected by alcoholic ammonia at 190° (Freudenberg and Hess, Annalen, 1926, 448, 121), 
whereas the corresponding methyl ester reacts in the cold (Autenreith and Bernheim, Ber., 1904, 
37, 3800). However, by substituting the aryl nucleus with nitro-groups in the 2- and the 4- 
position, the carbon atom carrying the sulphonate residue becomes a centre for nucleophilic 
attack, and esters of this type are arylating agents (Ullmann and Nadai, Ber, 1908, 41, 1870) 
By increasing the nucleophilic character of the attacking reagent, it should be possible to cleave 
an aryl ester of a sulphonic acid without resorting to substitution with nitro-groups. In this 
case, the sulphur atom may be attacked in preference to the a-carbon atom, and Turner and his 
co-workers (J., 1930, 928, 1853) showed that piperidine cleaved sulphonic esters with sulphon- 
ation rather than alkylation of the base : 


‘. o™ 
ArSO,OR + C,H,NH — > ROH + ArsQye > 


There is the interesting possibility of a mechanistic transition point inherent in these observations 
and, indeed, Bell (/., 1931, 609) has reported that, whereas o-nitropheny! toluene-p-sulphonate 
is cleaved by piperidine with acyl-oxygen fission, the corresponding 2 : 4-dinitrophenyl ester 
undergoes alkyl-oxygen fission (cf. Ullmann and Nadai, loc. cit.) 

Phosphorus Compounds —The decomposition of phosphorus compounds in the presence of 
bases has been examined in the light of the conclusions reached above regarding the behaviour 
of certain derivatives of the oxy-acids of sulphur. In Part V of this series (loc. cit.) we recorded 
experiments on the selective debenzylation of neutral esters of certain of the oxy-acids of 
phosphorus carried out in consequence of the observation of Atherton, Howard, and Todd (/., 
1948, 1106) that dibenzy! chlorophosphonate underwent rapid and complete decomposition with 
4-methy!morpholine, leading to the formation of 4-benzyl-4-methylmorpholinium chionde, and, 
presumably, benzyl metaphosphate : 


R,N + (Ph-CH,O),POC] —» [R,N-CH,Ph)}*(Cl]- + Ph-CH,-O-PO, 


On the other hand, Gerrard (/., 1940, 1464), investigating the decomposition of alkyl chioro- 
phosphonates and related compounds in the presence of tertiary bases, had obtained considerable 
yields of alkyl chloride. By analogy with the sulphur compounds, there are two mechanisms to 
be considered. The attacking nucleophilic reagent (the base) seeks an electrophilic centre which 
can be located either on the central phosphorus atom or on the «-carbon atom of one of the 
attached groups. If the phosphorus atom is the centre for the initial attack, then we have a 
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mechanism desgnated as type A, which results, in the case of a chlorophosphonate, in the form- 
ation of alkyl chloride and a base-metaphosphate complex (cf. Langheld, Ber , 1911, 44, 2076) : 


Type A 


RC] + 2N_RO-PO, 


KO oO 


It, however, the a-carbon atom of an attached group is the centre for the initial attack, then we 
get a mechanism designated as type B, which results in the formation of a quaternary halide, the 
hase becoming alkylated 


lype 


> | RCHYN Cl- + RO-PO, 


) 


This distinction leads to the conclusion that alkylation by a phosphorus compound is to be 
attributed more to the nature of the alkyl group than to the valency state of the phosphorus 
atom. Thus, as reported in Part V of this series (Joc. cif.), trialkyl and triary! phosphates are 
virtually unaffected by tertiary bases but, in particular, tribenzyl phosphate is affected, since the 
benzyl group is very susceptible to nucleophilic attack (cf. Hughes, Joc. cit.; Baker, Trans 
Faraday Soc., 1941, 37, 632) 

If the electrophilic character of the phosphorus atom is increased by the replacement of one 
alkoxy! group of a trialkyl phosphate by a chlorine atom, the alkylating properties of the mole- 
cule are not enhanced; instead, we facilitate mechanism A relative to mechanism B, i ¢., increase 
the possibility of decomposition to alkyl chloride. The further replacement of a second alkoxy! 
group by a chlorine atom results in mechanism A being even more prominent and more rapid 
Thus buty! dichlorophosphonite, BuO-POCI,, reacts with pyridine at 0° to give 31% of buty! 
chioride, wherens dibutyl chlorophosphonate, (BuO),POC] only reacts with pyridine on heating 
(Gerrard, loc. cit.), and tributyl phosphate is unafiected when refluxed with a tertiary base 

We do not wish to imply that structural factors influencing mechanisms of type A are com 
pletely independent of those influencing mechanisms of type B. They are not, for an increase in 
the electrophilic character of the phosphorus atom does produce an increase in the electrophilic 
character of the a-carbon atoms of the attached alkoxyl groups—through induction; but the 
resultant enhancement of mechanism A usually outweighs any facilitation of mechanism B 

In Part V of this series, the results of the variation of substrate in the base/substrate ester 
reaction were recorded and it was noted that the esters of aminophosphonic acid were virtually 
unafiected under the normal reaction conditions and could be recovered in high yield. Pre- 
sumably the nitrogen atom in, say, dibenzy!l aminophosphonate, by accession of electrons from 
its lone pair, depresses the electrophilic reactivity not only of the central phosphorus atom but 
also of the benzyl groups, so that debenzylation of an aminophosphonate under the usual con 
ditions of reaction would only be possible if the tendency of the nitrogen atom to donate electrons 
to the phosphorus atom were reduced 

The removal of only one benzy! group from tribenzy] phosphate by reaction with a tertiar 
base is almost certainly related to the relative unreactivity of the aminophosphonates, the 
imtegral negative charge of the anion produced on monodebenzylation reducing the overall! 
electrophilic character of the molecule and thereby inhibiting further reaction 

Atherton, Howard, and Todd (loc. cif.) investigated the stability of dibenzy! chloropho: 
phonate in the presence of various bases, estimating the unchanged material after a specified 
tame by passing ammonia into the mixture and isolating the dibenzyl aminophosphonate 
produced. It was noted that the heterocyclic bases substituted in the 2-position were markedly 
better than pyridine for purposes of phosphorylation using dibenzyl chlorophosphonate. The 
present investigation has shown that the capacity of heterocyclic bases to cause debenzylation 
is markedly impaired by substitution in the 2-positions to the heterocyclic nitrogen. Thus, ina 
series of experiments using tribenzy] phosphate as substrate and carrying out the reactions under 
standard conditions (2 hours at 100°) the following results were obtamed 
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Yield (%) of dibenzy! Recovery (%) of 
hydrogen phosphate tribenzyl phosphate 
10 


When the temperature of reaction was raised to 115-116", the yield of monodebenzylated 
material afforded by 4-methylmorpholine rose to 87%, whereas the yield afforded by pyridine 
remained virtually constant at 61—62%. The marked difference in behaviour between pyridine 
and quinoline and their 2-substituted homologues cannot be attributed to any difference in basic 
strength in the generally accepted sense, i.¢., basic strength determined with respect to hydrogen 
ion, for with this as the reference acid, 2 : 6-lutidine (Ky =~ 1 x 10°) is a stronger base than 
pyridine (K, = 2°3 x 10°), yet its power to debenzylate tribenzyl phosphate is very much less 
This contrast in the behaviour of pyridine and 2 : 6-lutidine parallels that observed by Brown, 
Schlesinger, and Cardon (J. Amer. Chem. Soc., 1942, 64, 325), who showed that, although 2 : 6- 
lutidine is a stronger base than pyridine when competing for hydrogen chloride, it is displaced by 
pyridine from its boron trifluoride adduct. Moreover, whereas pyridine forms an adduct with 
trimethylboron, 2 : 6-lutidine fails to do so even at temperatures as low as — 80°. In the same 
way, 2-picoline, a stronger base than 4-picoline, is nevertheless much less effective as a 
debenzylating agent. This is in keeping with the lower stability of its trimethylboron adduct 
(Brown and Barbaras, :bid., 1947, 68, 1137). The American workers attribute their results to a 
steric effect (cf. also Van der Werf, Davidson, and Michaelis, ibid, 1948, 70, 908) and we consider 
that the same factors operate in the debenzylation reaction, i¢., that the reluctance of the 
ortho-substituted pyridines and quinolines to participate is mainly due to steric strain in the 
transition complex 

It is of interest to compare the relative efficacies of aniline and its N-methyl! derivatives as 
debenzylating agents. There is little difference between the basic strengths of aniline, methyl- 
aniline and dimethylaniline, but whereas the product of the reaction of tribenzy! phosphate with 
the tertiary amine is a quaternary salt the products formed in the cases of aniline and methyl- 
aniline are salts of weak bases with a strong acid, i.¢., as the reaction progresses in aniline or 
methylaniline solution, hydrogen ions may be formed and may facilitate solvolysis of the phos- 
phate ester. Such an explanation would account for the anomalous behaviour of dimethyl- 
aniline, for, whereas tribenzy! phosphate is debenzylated to give dibenzy! hydrogen phosphate in 
high yield in aniline or methylaniline solution (after 2 hours at 100° the yields are 79%, and 75% 
respectively), in dimethylaniline solution after the same length of time at 100°, 65%, of the starting 
material can be recovered unchanged. 

All our experimental observations are, of course, qualitative; detailed conclusions about 
subtleties in the reaction mechanism cannot be drawn since all reactions were carried out 
using the basic component as solvent. Moreover, the isolation of product and recovery of 
starting material are procedures which do not lend themselves easily to exact analysis. Again, 
side reactions may creep in and obscure certain details. For example, in pyridine solution, the 
yield of dibenzyl hydrogen phosphate from tribenzyl phosphate after 15 minutes at 100° is 
55%, after 1 hour 85%, and after 2 hours only 62%. This must mean that dibenzy! hydrogen 
phosphate is itself affected by base, and indeed, when this acid is refluxed in pyridine solution 
for 6 hours, only 44% of the acid is recoverable unchanged, at least 22% of the original phos- 
phorus being isolated as inorganic phosphate. Similarly, if dibenzyl hydrogen phosphate is 
heated for 2 hours at 100° in dimethylaniline, only 70% is recoverable unchanged and, if the 
period of heating is extended to 6 hours, the recovery drops to 58%. This debenzylation of dibenzy! 
hydrogen phosphate in tertiary base solution is probably due to factors similar to those which 
operate in the reaction between tribenzy! phosphate and aniline or methylaniline. Despite their 
qualitative nature, however, our results do give a general picture of the main reactions involved 
since, although the differences observed in the behaviour of various bases may really only be 
differences in degree, they are so large as to be tantamount in practice to differences in kind. 
From a practical standpoint it would appear that, although amines of all types may be used, the 
tertiary aliphatic amines give the highest yields in monodebenzylation reactions. Moreover, in 
phosphorylation reactions using dibenzyl chlorophosphonate, decomposition of the reagent by 
the base is reduced to a minimum if 2 : 6-lutidine is employed. 

In the course of the investigations described in this series of papers, reference has been made 
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on occasion to the possibility of debenzylation by the action of a base hydrochloride; in 
particular, it has been suggested that the extensive decomposition of dibenzyl chlorophos- 
phonate during certain phosphorylation reactions carned out with pyridine or 2 : 6-lutidine as 
solvent was in part attributable to the base hydrochloride produced in the course of the reaction 

In the decomposition of chlorophosphonates we should, as mentioned above, expect a 
mechanism of type A to play a more important part than it does in the decomposition of 
triaralkyl phosphates. Moreover, the attacking chloride anion in the postulated second stage 
of mechanism A need not arise from within the molecule undergoing decomposition—it could be 
introduced from an externa! source 

On examining the action of pyridine and 2 : 6-lutidine on tribenzyl phosphate in the absence 
and presence of the respective hydrochlorides it was found that the yield of monodebenzylated 
material was markedly increased by the introduction of 2 : 6-lutidine hydrochloride into the 
2 : 6-lutidine reaction mixture Thus, with a reaction time of 2 hours at 100° the following 
results were obtained 

Yield (%) of dibenzyi Recovery (%) of 
Debenzylating agent hydrogen phosphate tribenzyl phosphat« 

Pyridine 62 2 

Pyridine + its hydrochloride 61 ‘ 

2 6-Luticdine 5 75 

2: @Letidine + its hydrochloride .... 3k 46 


Similar experiments in which the phosphate was heated in ethoxyethanol solution with base 
hydrochloride alone gave the following results 


Yield (%) of dibenzy! Recovery (%) of 
Debenzylating agent hydrogen phosphate tribenzy! phosphate 
Pyridine hydrochloride . . , as 32 
2 . 6-Latidine hydrochloride 5: 28 


These results show quite definitely that debenzylation occurs, not only as a result of attack 
by a nitrogenous base, but also by the attack of chloride ion, and this being so it is apparent that 
the decomposition of chlorophosphonate, according to a mechanism of type A, is catalysed by 
traces of base hydrochloride. Thus 


v 
R--O - v 
RO--P—Cl > RCI + [ Ho b al —> Ci +RO-PO, 


o \U 


On the basis of the above considerations, it 1s clearly advantageous to work up phosphorylation 
reactions using dibenzy! chlorophosphonate as soon as possible 

The preparation of dibenzy!l hydrogen phosphate (Atherton, Howard, and Todd, Joc. cit.) has 
been re-examined in the light of our present knowledge, and a new and more convenient method 
has been devised for its preparation in bulk by adaptation of the phosphorylation method using 
dibenzy! phosphite in carbon tetrachloride solution in presence of a tertiary base (Atherton and 
Todd, /., 1947, 674). In this adaptation the substance to be phosphorylated is replaced by the 
water molecule, and the tertiary amine by sodium hydroxide; the virtual insolulility of sodium 
dibenzry! phosphate in excess of sodium hydroxide solution greatly facilitates isolation of the 
product 

It is of interest that the system dibenzy!l phosphite-carbon tetrachloride-aqueons caustic 
alkalh can give erther tetrabenzy! pyrophosphate (when x-potassium hydroxide is used) or sodium 
dibenzyl phosphate (when 1l0n-sodium hydroxide ts used 


EXPERIMENTAL 


Action of Various Bases on Tridenzyl Phosphate (Experiments at 100° for 2 Hour All the bases were 
freshly distilled over solid potassium hydroxide, and in each experiment | g. of tribenzy! phosphate and 
Wc.c. of anhydrous base were employed All reaction mixtures were worked up in the same manner 
A typica! example follows 


A elution of tribenzy! phosphate (1 ¢.) in freshly distilled 4-methylmorpholine (10 c.c.) was heated 
at 10° for 2 howrs. Excess of base was removed under reduced pressure and the residual gum shaken 


with a mixture of aqueous sodium hydroxide (20 ¢.c. of 5%) and ether (30 c « he alkaline aqueous 
ayer was separated, washed with a further quantity of ether (30 c.c.), acidified with sulphuric acid (20 
¢ { 3s and rapidly extracted with chloroform (2 75 « The acidification always produces an 
opales { debenzyiation | 


has proceeded to any considerable extent The chloroform extracts were 
combined, washed twice with water, dried (Na,5O,), and evaporated under reduced pressure. The 
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residual oil crystallised on addition of ether; ea oar ed 65 p. 77°, undepressed on 
admixture with an authentic specimen of dibenzy! hydrogen at hed be P- rod 

The ethereal extract and washings of the original alkaline solution were combined, washed with 
bydrochioric acid (2 x 20 c.c. of 3n.), then with water (2 x 25 ¢.c.). and driei (Na,SO,). Evaporation 
gave a colourless oi! (0-103 g.) which when rubbed set to a mass of crystals, m. p. 61°, 
admixture with an authentic specimen af tribenry! phosphate (m. p. 63-64") ; 
material = 10%. 


From a series of experiments similar to that outlined above but using oline, pyridine, 2-picoline, 
2 : 6-lutidine, quinoline. pony) pe nn ne Me net wee hehe ptroduction wpre inhana 
It is of interest to note that, if 10% sod ion is used in place of the 5% solution indicated 
a ate eg three layers are formed and soxtium diben zy! phogphate may crystallise owt and 
80 interfere with the separation and the determination of the yield. 





Three experiments were carried out at the boi points of the bases concerned, visz., with 4-methy!- 
morpholine (116°), pyridine (115°), and with triethylamine (89°). The yields of dibenzy! hydrogen 
phosphate were 87 , 61%. end 26% Le peer n the experiment using triethylamine, recovery of 
crystalline tribenzy! phos; 


Several experiments were carried out in pyridine solution to determine the speed of debenzylation at 
100 After a pyridine solution of aed 0s oan, keaet had been heated at 100° for 15 minutes, the yield of 
dibenzy! hydrogen te amounted together with a recovery of 39%, of tribenzy yh pmagate 
After | hour at l¢ ee giad wen 00% ant teoceomeery 4%, and pr mae} badart 100° the y 62%, 
the recovery being 2 


Comparison of 2- and 4-Picolime om Their Reaction with Tribenzyl Phosphate.—These reactions were 
carried out by using 1 g. of the substrate in 10 ¢.c. of the anhydrous base. Heating was at 100° for 1 
hour and the reaction mixture worked up as described above. In the case of 2-picolime, the yield of 
dibenzyi hydrogen phosphate was 0% and the recovery of unchanged tribenzy! phosphate 72% The 
corresponding figures for 4-picoline were 74% and 15%. 


Reactions with Aniline and Its Methyl Derivatives.—-These reactions were carried out at 100° for 2 
hours and the reaction mixtures worked up as before. With aniline a 79% yield of crystalline dibenzy! 
hydrogen phosphate was obtained, and with methylanihine a 76% id. n each case the amount of 
tribenzy! phosphate recovered was negligible With dimethylanfline the debenzylated product was 
obtained in ish, yield only and did not crystallse, whereas 66% of the starting material was recovered 
crystalline 





Action of Bases on Dibenzyl Hydrogen Phosphate —(a) Pyridine. Wibenzy! hydrogen phosphate (10 
g.) was dissolved in anhydrous pyridine (75 c.c.), and the solution reffuxed for 6 hours, moisture being 
excluded throughout. Excess —— was removed under reduced pressure in a stream of dry air, 


and the residual oi! was dissolved in water (30 c.c.). The solution was acidified with sulphuric acid 
(30 cc. of 3~.) and extracted with chloroform (3 x 50 c¢.c.). The chleroform extract was washed twice 
with water, dried (Na,SO,), and evaporated at atmospheric pressure to leave a colourless ol] which 
solidified when seeded with dibenzy! hydrogen phosphate (4-41 g., 44% recovery) 


The aqueous acidic residue ~~ oa | after chloroform extraction was neutralised with excess of 
barium carbonate and left overnight. ¢ solid was filtered off and then boiled with excess of dilute 
sulphuric acid for 30 minutes. The acid solution so obtamed was treed from barium sulphate, and the 
total inorganic phosphate in the filtrate determined as phosphomolybdate. The weight of phosphorus 
so determined was 245 mg., i.¢., at least 22% of the us originally present in the dibenzy! hydrogen 
phosphate was liberated as inorganic phosphate 


b) Dimethylaniline. Dibenzyl hydrogen phosphate (4-0 g.) was dissolved in freshly distilled dimethyl- 
aniline (30 c.c.), and the solution divided into two equal portions, One was worked up am to 
——_ a check on the procedure, while the other was heated at 100° for 2 hours before being wor ep 

y the following method. 


The reaction mixture was diluted with ether (50 c.c.) and the whole extracted with aqueous sodium 
hydroxide (2 «x 30 c.c. of 5%). The alkaline extracts were combined and acidified with sulphuric acid 
(40 c.c. of 3n.). The opalescent acid solution was now extracted with chloroform (3 « 100 c.c.), and the 
chloroform extract washed with water, dried (Na,SO,), and evaporated yielding dibenzy! hydrogen 
phosphate. Recovery in the case where isolation of the acid was carried out immediately after dissolution 
in the base was 1-924 ¢. (96%). This was converted into its eyclohexylamine salt (Part V of this series, 
loc. est.) which was obtained im a yield of 90%, based on the weight of acid Freese! dissolved in the base. 


In the case where the dimethylaniline solution of dibenzy! h om te had been heated to 
100° for 2 hours, the recovery (as cyclohexylamine salt) was 1-90: xtension of the period of 
heating to 6 hours caused the amount of material recovered to fall to 58% 


E frect << Pyridine Hydrochloride on the Reaction between Pyridine and Tribensyl Phosphate —Tribenzy! 
—— (Lg., 1 mol.) and freshly pyridine hydrochloride (315 mg., 1 mol.), dissolved in fr j 
pyridine (10 c.c.), were heated at 100° for 2 hours. The base was then removed under reduced 
pressure and the a  O ig > as described above for the reaction of tribenzy! ph te with 
4-methy!morpholine. dibenzyl 7 phe te was 0-46 g. (61%). he neutral 
fraction, ef wibeaays ite, was an oil smelling of chioride. This ot! was repeatedly 
eae water antil no longer lachrymatory. The residue weighed 40 mg. (4%). 
of 2 : 6-Lutidine Hydrochloride on the Reaction between 2 - 6-Lutidine and Tribenryl Phosphate — 
2 tidine hydrochloride is sparingly soluble in 2 : 6-lutidine, but soluble in hot ethoxyethanol. 
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Ethoxyethano! was therefore used as diluent and solvent. A blank experiment using tribenzy! phosphate 
(1 g.) in @ mixture of ethoxyethanol (10 c.c.) and 2 : 6-lutidine (10 cc.) showed that the ethoxyethanol had 
Bo apparent effect on the base—-phosphate ester reaction 


Tribenzy! phosphate (1 g.. 1 mol.) and 2 : 6-lutidine hydrochloride (300 mg., 1 mol.), dissolved in a 
mixture of 2: 6-lutidine (10 ¢.c.) and ethoxyethanol (10 c.c.), were heated at 100° for 2 hours. Excess 
of base and of diluent was then removed under reduced pressure, and the residue worked up in the usuai 
manner. The yield of dibenzy! hydrogen phosphate obtained was 0-23 g. (31%). The recovered material, 
an oil, was a potent lachrymator, but, on its evaporation with water, the lachrymatory material (benzy! 
chloride) was removed and the residue then crystallised (0-46 g , 46%), having m. p. 61°, undepressed on 
admixture with an authentic specimen of tribenzy! phosphate 


Action of Base Hydrochlorides on Tribenzyl Phosphate.—(a) Pyridine hydrochloride. Pyridine 
hydrochloride (530 mg., | mol.) and tribenzy! hate (1-70 g.. 1 mol.), dissolved in ethoxyethanol 
(26 ¢.c.), were heated at 100° for 2 hours, moisture being excluded by a silica-gel tube. The resulting 
solution was worked up in the usual manner, yielding dibenzyl hydrogen phosphate (0-67 g., 52%) 
tribensy! phosphate (0-54 g., 32%) was recovered 


b) 2: 6-Lutidine hydrochloride. With 2 : 6-lutidine hydrochloride in place of pyridine hydrochloride 
im the above experiment, the yield of dibenzy!l hydrogen phosphate was 55% and the recovery of tri 
benzy! phosphate 278% 

Sodium Dibenryl Phosphate.—Crude dibenzy! phosphite (52 g., purity 719%) was dissolved in carbon 
tetrachloride (250 «.c.) and the solution cooled in ice. A solution of sodium hydroxide (80 g.) in water 
(160 ¢.c.) was added slowly with vigorous stirring during 30 minutes. Heat was evolved and a copious 
white precipitate of sodium dibenzy! phosphate formed almost immediately. Stirring was continued for 
5 hours at room temperature and the reaction was then completed by refluxing the mixture on the 
water-bath with stirring for 2 hours to convert any tetrabenzy! pyrophosphate present into sodium 
dibenzy! phosphate. The mixture was cooled and the crude sodium salt collected. The salt was washed 
with carbon tetrachloride, then with dilute sodium hydroxide solution, and finally dried at room tem- 

rature in vacue over phosphoric oxide. The salt so obtained was the stable tefrahydrate (46-5 « 
8%) (Found: C, 449, H, 5&7, loss at 140°/02 mm., 105. C,,H,,O,PNa4H,0 requires C, 45-1 
H, 69; H,O, 193%). It can be recrystallised from chloroform from which it separates as colourless 
plates, m. p. 63°, resolicdifying between 70° and 80° as a monohydrate. The tetrahydrate shows an 
interesting behaviour with ethyl acetate. It is immediately soluble in the cold ester but is rapidly 
tredeposited, the product now melting at 205° (decomp.); presumably the salt is dehydrated by the 
solvent 

Conversion of Crude Sodium Dibensyl Phosphate inte Silver Dibensyl Phosphate.—The crude sodium 
salt (100 g.) was dissolved in water (1750 c.c.) with gentle heating. The solution was cooled and brought 
to neutrality by the addition of dilute nitric acid (phenolphthalein To this solution was added, slowly 
with stirring, a solution of silver nitrate (63-0 g.) in water (600 c.c.), the system being protected from light 
as much as possible. White crystals of silver dibenzy!l phosphate — immediately. After the 
addition was complete, the product was filtered off, washed well with distilled water, and dried in vacuo 
yver phosphoric oxide. The yield was 55 ¢ 
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416. Studies on Phosphorylation. Part VII. The Action of Salts on 
Neutral Benzyl Esters of the Oxy-acids of Phosphorus. A New Method 
of Selective Debe nzylation. 


By V. M. Crarx and A. R. Topp 


The observation that monodebenzylation of tribenzyl phosphate can be accomplished by 
reaction with a base hydrochloride (Clark and Todd, preceding paper) has been extended to 
include reaction with a quaternary ammonium salt and with a variety of imorganic salts 

ney! ester®af vari phosphorous, phosphoric, and aminophosphonic acids have been shown 
to undergo the reaction with ease In the majority of cases an ethoxyethanol solution of 
lithium chloride is most effective and this reagent is recommended for use in monodebenzylation 


[we investigations described in this series of papers have had as their primary objective the 
development of phosphorylation methods which, while mild enough in operation to be applied 
to sensitive molecules, would at the same time be sufficiently flexible to permit their extension 
to the production of pyro- and poly-phosphoric esters. For many purposes the reagent of 
choice has been dibenzy! chlorophosphonate (Atherton, Openshaw, and Todd, J., 1945, 382) and 
this has proved to be of great value in the nucleotide field (cf. ]., 1947, 648; 1949, 582, 2476, 
2457) because of the ease with which the benzyl groups may be removed from the initial 
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products of reaction and because it is possible in various ways to remove one benzyl group 
selectively, thereby providing suitable starting materials for polyphosphate synthesis. One 
method of selective monodebenzylation which can be applied to neutral benzyl! esters of 
phosphorous, phosphoric, and pyrophosphoric acids is the reaction with a tertiary base (Baddiley, 
Clark, Michalski, and Todd, /., 1949, 815). Studies on the range of applicability of this 
reaction with respect to the nature of both the base and the substrate ester have led to a 
correlation of certain aspects of the chemistry of the oxy-acids of phosphorus and sulphur and to 
a general interpretation of the reaction (Clark and Todd, Part VI, preceding paper). A further 
outcome of these studies was the demonstration that monodebenzylation could also be brought 
about by the action of base hydrochlorides, and, following up this observation, we investigated 
the action of a quaternary ammonium salt. 4-Benzyl-4-methylmorpholinium chloride and 
tribenzyl phosphate at 100° for 2 hours in ethoxyethanol gave a moderate yield of dibenzy! 
hydrogen phosphate. It was then clear that debenzvlation was occurring in accordance with a 
mechanism of the type : 


a, 
Ph-CH,O-PO(O-CH,Ph), —> Ph°CH,Cl + -O-PO(O-CH,Pb), 


This is, of course, the type A mechanism of Clark and Todd (loc. cit.) in which, as previously 
suggested, the anion causing debenzylation can be supplied from an external source. The 
present communication deals with the extension of the reaction to anions in general and the 
development of a very convenient practical procedure for monodebenzylation 

When tribenzy! phosphate was heated with three molecular proportions of lithium chloride 
in ethoxyethanol at 100°, lithium dibenzy] phosphate crystallised from the reaction mixture and 
after 2 hours the yield was almost quantitative. This simple monodebenzylation method 
seems to be generally applicable to neutral phosphorous and phosphoric esters containing 
benzy! groups. Under the same conditions dibenzyl phosphite gave the crystalline lithium 
monobenzy! phosphite which was very sparingly soluble in ethoxyethanol and began to separate 
after a few minutes’ heating. Phenyl dibenzyl phosphate and 2-hydroxycyeohexy! dibenzyl 
phosphate were similarly converted in excellent yield into the corresponding monobenzy! esters 
(isolated as cyclohexylamine salts). 

This process of anionic debenzylation using metallic salts is confined neither to lithium salts 
nor to chlorides. Potassium acetate was almost as effective as lithium chloride in converting 
tribenzyl phosphate into dibenzy! hydrogen phosphate although in this case no crystalline salt 
separated during the reaction. Lithium acetate, on the other hand, was less effective owing to 
its low solubility, when anhydrous, in the preferred reaction media (ethanol or ethoxyethanol) 
Lithium nitrate was much less effective than lithium chloride, and gave dibenzyl hydrogen 
phosphate in 38%, yield under conditions where the latter gave 80—90%. These findings 
suggest that we are dealing here with an equilibrium reaction, the results obtained depending 
inter alia on the position of equilibrium, the rate of attainment of that position, and the relative 
solubilities of the various salts present 


X~ + Ph-CH,O-PO(OR), ==> Ph-CH,X + (RO),PO-O- 


If all components remain in solution the position of equilibrium will be in favour of debenzylation 
if the attacking anion is less “ stable in solution than the substituted phosphate anion, 1.¢., if 
it is the anion of a weaker acid. In other words, the stronger an acid the less effective will be 
its anion in the debenzylating reaction. This is well illustrated in the series trifluoroacetate, 
nitrate, acetate; under comparable conditions (2 hours at 100° in ethoxyethanol) the yields of 
dibenzyl hydrogen phosphate from tribenzyl phosphate with these anions were 23%, 38°%,, and 
75%, respectively. It must be borne in mind, however, that these considerations apply only 
when all components are in solution; they do not apply in the case of lithium chloride, for 
example, since lithium dibenzy! phosphate crystallises from the reaction solution thereby 
displacing the equilibrium in the direction of debenzylation. Lithium salts of substituted 
phosphoric acids are frequently rather sparingly soluble in ethoxyethanol so that, from 
a practical standpoint, lithium chloride in ethoxyethanol is usually the preferred reagent for 
the monodebenzylation of phosphates. This tendency of lithium salts to separate can also be 
turned to advantage in the monodebenzylation of dibenzy! esters of aminophosphonic acids. 
Attention was drawn in earlier papers (locc. cif.) to the difficulty of debenzylating amino- 
phosphonates and to our inability to bring about reaction between dibenzyl aminophosphonate 
and tertiary bases. On heating dibenzyl aminophosphonate with lithium chloride in ethoxy- 
ethanol under the conditions used for monodebenzylating tribenzy! phosphate, only a small 
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quantity of a lithium salt separated and the high water-solubility of the debenzylated product 
made its isolation from the reaction solution very difficult, When however a saturated 
solution of lithium chiorde in ethoxyethanol was used as the debenzylating reagent, the high 
concentration of chioride displaced the equilibrium in the desired direction while the high 
lithium: ion concentration facilitated precipitation of the desired lithium benzyl amino- 
phosphonate. With this method the yield of precipitated lithium salt was 57% after 2 hours, 
rising to 4 maximum of 78% after 6 hours (reaction temperature 100°); the variation of yield 
with time supports the contention that an equilibrium reaction is involved. It is of interest 
that the precipitated lithiem benzyl aminophosphonate im these experiments was completely 
free irom chioride ton. The free benzyl aminophosphonic acid prepared from the lithium salt 
formed a crystalline hemihydrate. The anhydrous acid has m. p. ca. 200° which suggests that 
O-~ itt exists as the zwitterion (I). It will be seen that (I) is im fact a “ base- 
PrCHyOrR* . metaphosphate complex" (cf. Langheld, Ber., 1911, 44, 2076) and when 
O SH, heated it loses ammonia yielding, presumably, benzyl metaphosphate. Under 
the conditions employed for dibenzyl aminophosphonate, dibenzy! anilino- 
phosphonate was also monodebenzylated in good yield; lithium benzyl anilinophosphonate 
separated from the reaction mixture and the free acid was characterised as its cyciohexylamine 
salt 
An interesting effect has been observed when using a combination of the tertiary base and 
anionic debenzylation methods. It was reported in Part VI (preceding paper) that 2-picoline, 
for steric reasons, is an ineffective debenzylating agent for tribenzy] phosphate and, as pointed 
out above, the trifluoroacetate anion likewise has but little effect However, a mixture of 
2-picoline and potassium trifluoroacetate, dissolved in ethoxyethanol, is quite an effective 
debenzylating system; this is probably to be attributed to a displacement of the anionic 
equilibrium by interaction of the tertiary base with the benzyl trifluoroacetate formed 
In all the examples of lithium chloride debenzylation we have studied, an increase in the 
temperature of reaction has led to an increase in yield; this will not necessarily be true in all 
cases, of course, since although an increase in temperature will always increase the rate of 
attainment of equilibrium its effect on the position of equilibrium may vary The anionic 
fission of esters of the phosphorus oxy-acids here described applies generally to the removal 
of benzyl or substituted benzyl groups. Triphenyl phosphate as might be expected is 
unaffected by lithium chloride, but the successful application of the method to dibenzy! esters 
of aminophosphonic acuis makes it not improbable that, under appropriate conditions, 
secondary or even primary alkyl groups may be removed by anionic fission; this is under 
investigation. Should anionic dealkylation prove to be possible in aqueous solution the method 
might have some application in the degradation of polynucleotides. It will be observed that all 
the reactions described in this paper have been formulated as bimolecular displacements 


I 


A unimolecular solvolytic mechanism may also play a part, however, since a transient yellow 
colour has been observed in certain cases and Koberts and Hammett (/. Amer. Chem. Soc., 
1037, 59, 1063) have pointed out that the benzyl cation is probably yellow. Although the part 


played by the unimolecular mechanism would be very small in the examples here reported, 
it would doubtless become more important in solvents of higher dielectric strength—conditions 
which would aflect the bimolecular mechanism adversely; for this reason the overall effect 
of water on the debenzylation process cannot be acpurately predicted 


E.XPRRIMENTALI 


fection of Various Salts on Tribensy! Phosphate a) 4-Bencyl-4-methylmorpholinium chloride. The 
quaternary salt (010 mg., 1 mol.) and tribenzy! phosphate (1-46 g.. 1 mol.) were dissolved in freshly 
destilled ethoxyethanol (25 c.c.) and the solution was heated at 100° for 2 hours. Solvent was removed 
under reduced pressure and the otly residue which smelt strongly of benzy! chloride was worked up for 
dibenzy! hydrogen pee in the usual manner The yield was 0-48 g. (44%), 07 g. (48%) of 
unchanged tribenzy! phosphate being recovered 


(b) Lithewm chloride. Anhydrous (fused) lithium chloride (1-38 g., 3 mols.), and tribenzy! phosphate 
3-68 ¢.. 1 mol.) were dissolved in freshly distilled ethoxyethanol (25 c.c.) and the solution heated at 
100" for 2 hours. During the reaction colourless needles of Athiwm dibenryl phosphate separated and 
bearyl chiorkle was formed. Aqueous sodiam hydroxide (40 c.c. of 5%) was added to the cooled mixture 
and the whole extracted with ether (2 x W c.« The alkaline layer was acidified with sulphuric acid, 
* precipitating a colourless oil which quickly solulified. This was taken up in chloroform and the 
solution dried (Na,SO,), filtered, and evaporated, to leave a crystalline mass of dibenzyl hydrogen 
phosphate (2-74 g.; almost quantitative). Recrystallised from chloroform-—light petroleum it formed 
colourless needles (2-24 ¢., 80%), m r TS 79° alone or mixed with an authentic specimen In a second 
experiment the crystalline lithium dibenzy! phosphate was filtered off directly from the reaction muxture 





(1950) Studies on Phosphorylation. Part VII. 2033 


and recrystallised from aqueous acetone, forming colourless needles, m. p. 282-—-293° (decomp.) (Found : 
C, 590; H,&1. C,,H,,O,PLi requires C, 59:1; H, 50%). When ethanol was used as a solvent and 
the reacting carried cut ‘by redhuxing the solution for 4} houre the yiehd of dibeasy! hydrogen phoapbate 
was only > 

(c) Lithewm acetate. Lithium acetate dihydrate was 
anhydrous salt was much less so and was 
ethoxyethanol 


toe (1 mol.) for 2 hours and worked up 
un phosphate wen 19%, 0 lenge amannt 761%) of tribenzy! 

(d) Potassium acetate. After a solution of tribenzy! ethoxyethanol (0-4s._; _ 
had been heated with anhydrous potassium acetate (3 mo < Say te 8 hosen wo expeneiinny oem 
separated but by working up as described above dibenzyl hydrogen phosphate (75%) was obtained. 

(ec) Lithium nitrate. Under the same conditions (3 mols. of salt and 1 mol. of ester in ethoxyethanol 
at 100° for 2 hours) the yield of dibenzy! bydrogen phosphate was 38%. 

(f) Potassium trifluoroacetate. Under the same conditions in ethoxyethanol at 100° um 
trifluoroacetate and tribenzy! pny gave after 2 hours dibenzy! hydrogen phosphate in 23% yield, 
together with 69% of unchanged ester 

Phenyl Benzyl eet Phenyl! dibenzy! p te (1-58 g.. 1 mol.) (Baddiley, Clark, 
Michalski, and Todd, loc. cit anhydrous Lithium chloride ( 3 mols.) were heated in omeny. 
ethanol (20 c.c.) for 3 hours s 100°. No crystalline salt se dint, 5 the mixture smelt strongly of 
benzy! chloride. When the products were worked up for zyl hyd phosphate as descmbed 
above, phenyl benzy! bydrogen phosphate (1-054 g., 80%) was tunel 00 viscous syrup. This 
syrup was dissolved in ether (30 c.c.), and ethereal Irate creat in 15 ¢.c.) added. The 
crystalline ae salt separated rapidly ether (20 c.c.) was added and after 5 minutes 
the salt (1-05 g., 65%) was collected, dried at 80°, and recrystallised from ethanol-acetone. 


a 7 i les, m. p “7, sedapnamh onadeiaens alitananibeaiaeaaete te. p.4r 
. ont.) 


2-Hydroxycycloheryl Benzyl Hydrogen Phosphate.—2-Hydroxycyclohexyl dibenzy! rete (1-24 ¢., 
1 mol} ) (Baddiley, Clark, Michalski, and Todd, Joc. cit.) and anh lithium chioride (570 mg., 3 mols 
were heated in ethoxyethanol (25 c.c.) at 100° for 2 hours mixture worked as before 

the water-soluble 2-hydroxyeyclohexy! benzy! hydrogen phosphate as a colourtess oil (823 mg., 88%). The 
free acid was prt me by dissolution in ether conversion into its cyclohersylemine salt in the 
useal manner. Recrystallised from ethanol the salt formed colourless needles, m. p. 178° (Found : 
C, 502; H, 82; N,3-7. C,,H,,O,NP requires C, 60-2; H, 84; N, 3-6%) 

Lithium Monobenryl Phosphite.-A hot solution of dibenzyl phosphite (5-48 g., 1 mol.) in ethoxy 
ethanol (10 c.c.) was added to a solution of anhydrous lithium chloride (1-7 g., 2 mols.) in ethoxyethanol 
(15 c.c.) at 100 A crystalline precipitate began to form within 1 minute of mixing. The mixture was 
kept at 100° for 2 hours and the precipitated Aihium monobensyl phosphite (2-79 g., 76%) then collected, 
washed with hot solvent, and dried at 100 The salt obtained in this way was a fine white powder, 
m. p 350°; although hydrophobic in this condition it was in fact appreciably soluble in water but 

yaringly so in ethanol. Recrystallised trom aqueous ethanol, it formed colourless nacreous plates 
(Pound. C, 47-4; H, 49. C,H,O,PLi requires C, 47-2; H, 46%). The lithium salt was converted 
into the ammonium salt by ac ation, extraction of the free acid with chloroform, and saturation of 
the concentrated extract with ammonia, recrystallised from ethoxyethanol-<ioxan it formed colourless 
needles, m. p. 154°, undepressed on admixture with an authentic specimen (Part V, Joc. est.). 


Prolongation of the period of heating with lithium chloride to 44 hours gave no increase in yield 
In a series of similar experiments in ethanolic solution at 78° the yields of lithium monobenzy!l 
phosphite were : after | hour, 48%; after 2 hours, 44%; after 44 hours, 65%. In all cases the amount 
of monobenzy! phosphite which could be obtained by working up the mother- -liquor after filtration of 
the lithiam salt was negligible 


Monobensyl Hydrogen Aminophosphonate —Selective debenzylation of dibenzyl aminophosphonate 
was best carried out by using a hot saturated solution of lithium chloride in ethoxyethanol (solubility 
16-4 g. per 100 ¢. of solution at 100°) 


Dibenzy! aminophosphonate (5-19 g.) was heated for 10 hours with a saturated solution of anhydrous 
lithium chloride in ethoxyethanol at 100° (25 .c.c.). After 15 minutes the mixture became opalescent 
and a solid began to separate The amount of /sthium monobenzy! aminophosphonate which had separated 
was estimated by collection on a sintered-giass funnel at various intervals; after 3 hours it weighed 
2-42 g. (67%), and after 6 hours 2-82 g. (78%), no further deposition occurring thereafter. A second 

xperiment under the same conditions gave a yield of 57% in 2 hours and 72% in 4 hours. The lithium 

t separated from water as colourless needles having no definite m. p. Placed in a bath at 265° and 
further heated it shrank at 282°, then gradually became translucent, and finally transparent over the 
range 206-——310° (Found : C, 43:3; H, 47; N,70. C,H,O,NPLi requires C, 43-56; H, 47; N, 73%) 

When the above lithiam salt (1-4 g.) was dissolved in warm water (15 c.c.), acidified with dilute 
sulphuric acid (7 c.c. of 3x.), and set aside at 0° monobenryl on armnopho:phonate separated as 
colourless plates, tly s a hemihydrate (Found: C, 43-1; H, 67; N, 72. C,H,O,NP.4H,O 
requires C, 42-0; 5-7, N, 7-2%). When heated, the hemihydrate showed an indefinite m. p., 
shrinking at 102° and becoming translucent at 106°. If placed in a bath at 180°, however, it melted 
immediately, then resolidified, and if heated — above ——— melted at 199-—200° without 
apparent decomposition. This somewhat behaviour is doubtless due to the fact that the 
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Ss ape ateneeen anaes Daty guaaanting he gpryaaian te eiydeess Sane Som Ce 
the usual methods of drying. 


benbrenn by Hydrogen Anslinophosphonate —Libenzy| <n a (2-86 g.) was dissolved in 
ethoxyethanol (25c.c.) saturated with lithium chloride at 100° the mixture was heated for 1} hours at 
100°. After 30 minutes solid began to te and a marked odour of benzyl chloride was 
Water (20 ¢.c.) and ether (50 c.c.) were to the cooled mixture which was then filtered. Aqueous 
sodium hydroxide (15 ¢.c. hed he ge mh py me pe ted. The aqueous 
alkaline layer was again extracted with ether (2 x 60c.c.), the filtered colid added to the aquesus phase, 
and the mixture acidified with dilute sulphuric acid (30 cc. of 3n.). \ The opalescent solution was 
extracted with ethyl acetate (3 x 100 c.c.), and the combined extracts were washed with water, dried 
(Na,50O,). and evaporated under reduced pressure (bath-temp. 40° /0-2 mm.), re iding oe "ts. 
antlinophosphonate (1-77 g., 83%) as @ = yellow amorphous solid (Found: C, 

CyH, O NP requires C, o 3; H, 54%), which resinified on attemptin, me Se recrystallise it res benzene 
It was, therefore, dissolved in ethyl acetate and converted into its cyc sylamine salt which crystallised 
from acetone containing a few drops of ethanol, as colourless plates, m. p. 180-181" (Found: C, 62-8 
H, 7-8: N, 77. CyHy,O,N,P requires C, 63-0; H, 7-5; N, 7-7%) 

fotvon of a Mixture of Potassium Trifluorcacetate and 2-Picoline on Tribenzyl Phosphate.—Tribenzy! 
phosphate (1-09 g.) and potassium trifluoroacetate (1-25 g.), dissolved in a mixture of 2-picoline (5 c.c_) 
and ethoxyethanol (5 c.c.), were heated for | hour at 100°. A transient yellow colour appeared, which 
faded on cooling and reappeared on heating. After 1 hour the mixture was worked up in the usual manner 
to give dibenzy!l hydrogen phosphate (0-4 g., 49%), together with unchanged tribenzyl phosphate 
(0-36 g., 33%) 

Under the same conditions, but with 2-picoline alone, the meg of dibenzy! hydrogen phosphate was 
only 19%, and, when potassium trifluoroacetate was used a the 2-picoline being replaced by an 
additional 5 ¢.c. of ethoxyethanol, the yield was 15%. Potassium trifluoroacetate had no benedicial 
effect on the action of 2: 6-lutidine as a debenzylating agent for tribenzy! phosphate, some 91% of which 
was recovered unchanged after | hour in ethoxyethanol at 100°. A mixture of pyridine and potassium 
trifluoroacetate, on the other hand, gave a 93% yield of crystalline dibenzy! bpbegen phosphate under 
analogous conditions 
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417. Acylation Reactions catalysed by Strong Acids. Part II. 
dcetyl Perchlorate” as a C-Acetylating Agent. 


By H. Burron and P. F. G. Prat. 


Acetyl perchlorate,” prepared im situ from silver perchlorate and acety! chloride, is an 
etlective acetylating agent and will convert anisole, in the absence of added solvent, into 
p-methoxyacetophenone in approximately 70% yield. The effect of adding acetic acid or acetic 
anhydride or both to the reaction mixture is studied in detail. The results support the view 
that Ac* and Ac,OH* are both acetylating agents, the former being much the more reactive 
The dehydration of the ion AcOH,” is discussed briefly 


Iw Part 1 (J., 1960, 1203) we showed that solutions of concentrated aqueous perchloric acid in 
an excess of acetic anhydride contain acetylum (Ac*) and probably acetic anhydridium (Ac,OH*) 
ions, or both, because of the occurrence of the reactions 


H* + Ac,O === AcjOH* == Ac* + AcOH la) 
ACOH,* + AcsO = Ac,OH’ + AcOH == Ac* + 2AcOH 1b) 


We were unable to prove conclusively whether the acetylium ion was the sole reactive species 
for acetylation: in fact, some qualitative evidence was advanced to support the view that 
both ions are active agents but that acetylium was more reactive than acetic anhydridium. In 
wer to attempt to clarify this point we decided to investigate the use of “ acetyl perchlorate 
1s a C-acetylating agent. It has been shown by Mackenzie and Winter (Trans. Faraday Soc., 
1048, 44, 159, 171, 243) that “ acetyl perchlorate" (acetylium perchlorate), AcClO,, prepared 
from equimolecular amounts of silver perchlorate and acety! chloride in acetic anhydride, is an 
effective catalyst for the Thiele acetylation reaction, and also for O-acetylation (Winter, private 
communication). Acetylium perchlorate was shown (Joc. cis.) to be a “ strong acid ” in acetic 
anhydride solution, indicating the dissociation, AcCIO, == Ac* + ClO,~. It was essential for 
uur purpose to avoid, in the first place, the use of acetic anhydride since the subsequent addition 
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of any substance capable of being acetylated would result in the formation of hydrogen ions 
which would clearly then undergo reaction (la). 

Since anhydrous silver perchlorate is freely soluble in anisole we first investigated the reaction 
between acetylium perchlorate and the ether alone, by adding 1 mol. of acetyl chloride to a 
solution of 1 mol. of the silver salt in 4 mols. of anisole. After 45 minutes (or 2 hours) at 0—5* 
we were able (Expt. A) to isolate approximately 0°7 mol. of p-methoxyacetophenone and to 
recover approximately 2°9 mols. of unchanged anisole. This result would appear at first sight 
to be rather surprising since anisole has a low dielectric constant, and the acetylium perchlorate 
prepared im situ would consequently not be expected to be dissociated to any appreciable extent. 
The production of the relatively large amount of ketone would indicate however that acetylium 
perchlorate is largely ionised, 4.¢., the ion pair (Ac*CIO,~), as distinct from being dissociated into 
the two ions Ac* and CIO,~. We expected therefore that if the reaction was carried out under 
otherwise identical conditions but in presence of a suitable amount of nitromethane,® the 
increased dielectric constant of the mixture would lead to an increased yield of ketone, presum- 
ably because of the increased rate of reaction; we were able to isolate at least 0°84 mol. (Expt. 3B) 
of p-methoxyacetophenone 

The effect of adding acetic acid to the original reaction mixture appeared to be the logical 
sequence. The yield of p-methoxyacetophenone remained constant (0°68 + 0°04 mol.) in the 
presence of up to and including 6 mols. of acetic acid per mol. of acetylium perchlorate but 
showed a small decrease to 054 mol. when § mols. were added. In no case was the yield 
materially altered by the addition of nitromethane in such a quantity as to give a reaction 
mixture of approximately the same dielectric constant in comparable experiments, although 
generally the yields in the presence of nitromethane did tend to be very slightly higher. We do 
not attach undue importance to this particular observation except to emphasise that in the 
absence of acetic acid, the increase in yield in the presence of nitromethane was beyond the 
limitations of our experimental procedure. We feel justified in concluding that the results 
indicate the probable occurrence of the equilibrium (Ac*CIO,~) + AcOH == (Ac,OH*CIO,~), 
and that this tends to lie to the right when a relatively large amount of acetic acid is present in 
the reaction mixture. Furthermore, it would thus appear that acetic anhydridium perchlorate 
is relatively stable but is not as active as acetylium perchlorate. We are forced to this conclusion 
because of the experimental results when using added nitromethane, since if acetylium ions had 
a separate existence in acetic acid—nitromethane solution, we can see no reason why, under 
these conditions, the yield of ketone should not have increased in the same way as in the absence 
of any acid 

When the reaction between acetylium perchlorate (1 mol.) and anisole (4 mols.) was carried 
out in the presence of acetic anhydride (3 mols.) under otherwise identical conditions (Expt. 1), 
we obtained, as expected, an entirely different result. The yield of p-methoxyacetophenone 
was increased from approximately 0-7 mol. to approximately 1°6 mols. and thus exceeded that 
stoicheiometrically possible on the acetylium perchlorate used. This result proves conclusively 
that the reaction, PhOMe + Ac* ——> OMe-C,HyCOMe + H’, is followed by reaction (la) 
(above). The yield of ketone was unaltered by addition of 2 mols. of acetic acid (Expt. 2), but 
in this series of experiments we found that addition of nitromethane caused, in this particular 
case (Expt. 4), a marked increase in the yield of ketone to approximately 1°90 mols., thus 
indicating quite clearly that if the reaction, Ac* + AcOH ——> Ac,OH*, does occur to any 
appreciable extent then the acetic anhydridium ion is also capable of converting anisole into 
p-methoxyacetophenone. The reaction Ac,;OH’* + PhOMe -—> OMe’C,H,yCOMe + AcOH,’, 
would thus be followed by reaction (1b) (above) 

Increasing the amount of acetic acid to 12 mols. (Expts. 5—7, 9, 10) resulted in the steady 
diminution in the yield of ketone to approximately 0°8 mol., thus affording a clear indication 
that acetylium ions do react with acetic acid to give the much less reactive, but nevertheless 
still active, acetic anhydridium ions. We should point out, however, that in these experiments 
the dielectric constant of the reaction mixture was steadily reduced by the increasing amount of 
acetic acid, and we fully expected that since acetic anhydride was present in this series of 
experiments as distinct from our first series, the yield of ketone would be influenced by added 
nitromethane. Comparison of Expts. 7 and 8 (as well as 2 and 4) shows quite clearly that such 
is the case: the yield of ketone being increased by at least 25%. 

An alternative explanation is that the equilibria in reactions (1a) and (16) lie well to the right 
and that the effect of added acetic acid is to inactivate some of the acetylium ions as acetic 


* We have also used methyl! cyanide as a diluent with very similar results: nitromethane is however 
a much more satisfactory solvent 
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aphydridium ions The result of adding nitromethane would thus be to favour the dissociation, 
Ac,JOH* ——» Ac’ + AcOH. We suggest however that the results in acetic acid alone do not 
support this alternative explanation 


Except where stated otherwise 0-05 ¢.-mol. of silver perchlorate was dissolved in anisole (0-2 
g--mol.), and acetic anhydride (0-15 g.-mol.}, acetic acid (amount ia g.-mol. given in column 2), and 
acety! chloride (0-05 g.-mol.) added dropwise with shaking. All the experiments were carried out at 
6.6", and the mixture was kept for 45 minutes. In the experiments (8, 4, 4) carried out with nitro- 
methane as solvent the amount used was always twice the combined weights of anisole, acetic 
anbydride, and acetic acid. Expts. A and 8, included for comparison, are those in which neither 
acetic acid mor acetic anhydrite was present 


AcOH MeO-C, HyCOMe PhOMe Residue from 
P isolated, distillation,* 
Expt « -mol Remarks. 
A 0-034 
MeNO, added 


PhOMe added last. 
MeNO, added. 


ceassewne= 


MeNO, added. 


© The residue consists largely of p-methoxyacetophenone which was identified as the 2 : 4-dinitro- 
phenythydrarone 


In Part I (Joc. cst.) we did not study the effect of added nitromethane on the activity of the 
acetic anhydride-aqueous perchloric acid mixtures. We now show that, in accordance with 
expectation, the yield of p-methoxyacetophenone obtained from anisole is increased to much 
the same extent as in the experiments using acetylium perchlorate. We have also compared 
mixtures of the same composition prepared with either 72% perchloric acid or acety! chloride— 
silver perchlorate, the only difference being that the latter mixture contains suspended silver 
chloride, and we find as expected, that the amount of acetylation is the same irrespective of the 
method of preparation. In these experiments, we had necessarily—for reasons discussed fully 
in Part I.-to add the anisole to the solution containing acetylium. We first investigated 
(Expt. 3) the effect of this mode of addition: the yield of ketone was not quite as good as in 
Expts. | and 2 but showed clearly the increase over the stoicheiometric amount 

We wish to emphasise that the yields of p-methoxyacetophenone quoted throughout this 
paper and Part I (loc. cit.) were those actually isolated. When we isolated the ketone from 
artificial mixtures with anisole by using the same experimental technique, we could recover 
90%, of the ketone. We do not think it worth while to apply a correction of approx- 
imately 10°, to our quoted yields, but it is clear that the actual yields are in excess of 
those given 

We also showed in Part I that a reagent containing only acetic and perchloric acids is not an 
acetylating agent. We decided to study the possibility of dehydrating the acetic acidium ion 
to the acetylium ion. For this purpose we treated the reagent in the cold with phosphoric 
oxide, and then with anisole at room temperature. In spite of the fact that the reaction 
mixture was heterogeneous, we had no difficulty in isolating 15% of p-methoxyaceto- 
phenone. We suggest that the reaction involved is 


AcOH,* + P,O, — > Ac* + 2HPO, 
rather than the sequence 


2AcOH + P,O, > Ac,O + 2HPO, Ac,O + HCIO, ——> Ac* + CHO.” + AcOH. 


We have also discovered that when a little 72°, perchloric acid is added to an excess of 
acetic anhydnde, and the mixture kept at room temperature, the resulting acetylium ions 
scetylate the mixture of acetic anhydrde and acid (produced in the original reaction) since a 
positive iodoform reaction can be obtained after | hour. We have not yet been able to identify 
the crystalline reaction product which separates from such mixtures in small amount, but it 
must clearly contain the group CH,-CO-Ce<-. The same reaction occurs more slowly at 0°. We 


have also shown that acetylium perchlorate will react rapidly (within 10 minutes) with acetic 
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anhydride to give presumably the same compound but that reaction with acetic acid does not 
occur within 18 hours at room temperature : addition of acetic anhydride to the mixture results 
in the rapid production of the iodoform-producing substance. 





EXPERIMENTAL. 


Materials. —Acety!| chioride and acetic anhydride were AnalaR reagents. Acetic ae =| 
Orton and Bradfield’s method (/., 1924, 960). Anisole, nitromethane, and methyl ) were 
dried and redistillied. Silver perchlorate was dried over phosphoric oxide in a vacuem desiccator 
containing also a dish of solid potassium hydroxide : it was not used in any experiment until a perfectly 
clear solution in benzene was obtained. To ensure that no jon of water occurred during the 
weighing of the salt, the required amount was left in the reaction in the desiccator for at least 24 
hours and then re-weighed before use 


Experiments im Absence and Presence of Acetic Acid.—Acety! chioride (0-025 g.-mol.) alone or a solution 
in the appropriate amount of glacial acetic acid was added over a period of 15—-17 minutes to a cooled 
solution of silver perchlorate (0-025 g.-mol.) in anisole (0-1 g.-mol.) so that the temperature remained 
between 0° and 5°. In those cases where nitromethane (or methy! cygnide) was used (see Table and I ntro- 
duction) this was mixed with the silver perchlorate solution. The reaction mixture was kept at 06—5° 
for 45 minutes after the addition of all the acetyl chloride and was then poured on ice 

In all the above and subsequent experiments the customary precautions for the exclusion of moisture 
were taken. 


Experiments in Presence of Acetic Anhydride.—-Silver perchlorate (0-05 g.-mol.) was dissolved in a 
mixture of acetic anhydride (0-15 g.-mol.) and anisole (0-2 g.-mol.), and the appropriate amount of 
giacial acetic acid was then added. Ine ments where nitromethane (or methy! cyanide) was used, 
the above solution was diluted further with the “rrr ate amount (see Table After the solution had 
cooled to 0°, acetyl chloride (0-05 g.-mol.) was dropwise with shaking, over a period of 15-20 
minutes so that the temperature remained between 0° and 5°. Frequently on complete addition of the 
acetyl chloride the temperature rose uncontrollably to ca. 8°, especially in the more concentrated 
mixtures, where efficient mixing of the stiff paste was difficult. After being kept for a further 45 minutes 
at 06" the reaction mixture was poured on crushed ice (150-200 g.), this stage being marked by a 
transient violet coloration of varying intensity. 


Tsolation of p-Methoxyacetophenone.—In both the above procedures the silver chloride in the reaction 
mixtures was dissolved by the cautious addition of the minimum amount of aqueous ammonia (d 0-58), 
and the residual oil extracted with ether. The ethereal extract was washed with dilute (2s.) ammonia 
solution and then twice with water. The dried (Na,SO,) extract was then evaporated and the residue 
fractionated at about 4 mm., whereby a good separation of the ketone, b. p. 110—-115°/3-6 mm., from 
unchanged anisole was obtained. The ketone solidified on cooling and was frequently identified as its 
2 : 4-dinitrophenylhydrazone, m. p. and mixed m. p. 223°. 


Synthetic mixtures of f-methoxyacetophenone and anisole were submitted to the same treatment. 
The recovery of ketone was never less than 90% and occasionally was as high as 03%. 


Comparison of Acetylaum Perchlorate and Perchioric Acid Acetic Anhydride Mixtures —(a) A mixture 
of acetic anhydride (0-155 g.- mol.) and nitromethane (53-0 g.) was cooled to below 0° and 72% perchloric 
acid (3-5 g. = 0-025 g.-mol. of HCIO,) added over a period of 18 minutes so that the temperature remained 
a and 5°. Anisole (0-1 g.- mol.) was then added during 3 minutes and the mixture kept at 0—6* 
for a further 45 minutes. The deep orange-red reaction mixture was poured on crushed ice (ca. 150 g.), 
and the resulting oil extracted with ether. The ethereal solution was washed twice with dilute ammonia 
solution (2m.) and twice with water, and was then dried ey yy - Distillation (as above) gave 
f-methoxyacetophenone (5-2 g. = 0-035 g.-mol.), identified as the nitrophbenylhydrazone 


(t) Silver perchlorate (0-025 g.-mol.) was dissolved in a mixture of acetic anhydride (0-075 g.-mol.) and 
nitromethane (53-0 g.), and the solution cooled to below 0°. Glacial acetic acid (0-135 g.-mol.) mixed 
with acetyl chloride (0-025 g.-mol.) was added during 17--18 minutes, the temperature being 
between 0° and 5°. Anisole (0-1 g.-mol.) was then added (34 minutes) and the mixture kept for 
minutes at 0—5° before being poured on crushed ice. p-Methoxyacetophenone (5-3 g. @ 0-035 g.-mol.) 
was isolated as described above 


Dehydration of Acetic Acidium ath Phosphorus Pentoside.—72% Perchioric acid (7-0 g. = 0-05 g.-mol 
of HC1O,) was cautiously added to acetic anhydride (0-11 g.-mol.) so that thé temperature did not exceed 
35°. The solution was cooled to 0° and phosphoric oxide (0-05 g.-mol.) was added gradually with 
constant shaking followed by anisole (0-1 ¢.-mol.), so that the temperature remz.ined between —2* and 1°. 
The colourless mixture was kept at 0° for 45 minutes and then allowed to warm to room temperature 
whereupon it developed a pink colour. After 22—23 hours the mixture consisted of two layers, a deep 
orange-red liquid (A) and a brownish, glassy lower layer (B).° The liquid (4) was poured on crushed ice 
and the material (8) was shaken with crushed ice until decomposed whereby an oil separated. The 
combined oily ucts were extracted with ether, a small amount of tarry material separating at this 

etherea! solution had been washed with sod carbonate, sodium hydroxide, and with 
evaporated. Fractionation of the residue gave anisole (0-058 g.-mol.) 
(23 g. = 0015 g.-mol.), m. p. 344-37", together with non-listillable 








ion of Acetic Anhydride by Acetylium.—(a) 72% Perchioric acid (1 ¢.c.) was added to acetic 
anh (100 c.c.) and the mixture left at room temperature. The mixture soon became brown and 
after four days stout needles began to separate. 
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Sech solutsoms gave « positive iodoform reaction when sodium hydroxide was used in the cold after 
30 minutes = The development of colour was retarded by addition of acetic acid 

(b) | chloride (140 g.) was added to silver perchlorate (2:6 g.) dissolved in acetic anhydride 
(25 c.< a mixture rapidly became coloured and a positive iodoform reaction was obtained within 
16 minutes. Crystalline material separated slowly from the solution. The same phenomenon has been 
observed by Winter (private communication) 

(e) Acetyl chloride (10 g.) was added to silver 0 a) ) , po in glacial acetic acid 
(25 c.c.). The mixture remained colourless during the subseq 1- did not give an 
todoform reaction. Addition of acetic anhydride (10 cc.) to the mixture aeaeae a faint positive sodoform 
reaction to be obtained after 30 minutes 

Kino’s Cottace of Hovussnotp anp Soctat Science 

Untvesstry oF Lowpon), W.4 (Received, May 9th, 1950. 


418. Carbon Formation in Flames. 


By W. G. Parxer and H. G. Wo -rmarp. 


The fundamental! chemical processes leading to carbon formation in hydrocarbon flames are 
not understood. In simple diffusion flames of acetylene in air or oxygen examined at low 
pressure, carbon formation depended markedly on pressure, in agreement with observations of 
other authors. For hydrocarbon gases during pyrolysis and in the pre-heating zone of a flame 
continuous absorption in the altra-violet region spread as the temperature was raised his 
effect is probably related to carbon formation. None of the results can be fully accounted for 
by existing theories, however, and two alternative explanations are tentatively suggested 


Tue formation of carbon particles in hydrocarbon flames is well known and of considerable 
industrial importance. Although the technique of controlling carbon formation has been 
successfully developed in some cases, the fundamental chemical processes involved are not 
understood 

Data in the literature are meagre. Davy first attributed the luminosity of hydrocarbon 
flames to the presence of incandescent carbon particles; early studies by Marchand, Berthelot, 
Lewes, Bone, and others on how these carbon particles occur in the flame are summarised by 
Bone and Townend (" Flame and Combustion in Gases,"” Longmans, Green & Co., 1927, p. 406). 
More recently Rummel and Veh (Arch. EisenhGttenwesen, 1941, 14, 489) considered the conditions 
required for carbon formation and suggested that the soot particles are precipitated as residual 
carbon skeletons of big aromatic or polycyclic molecules. These molecules are formed in the 
gas phase, and largely dehydrogenated, during pyrolysis of the hydrocarbon in the flame. The 
greater tendency of aromatic fuels to deposit soot, and the similarity of the graphitic structure of 
this soot to the structure of the higher homologues of benzene, appear to support this hypothesis 
On the other hand, a spectroscopic study of ethylene flames led Smith (Proc. Roy. Soc., 1940 
A, 174, 110) to suggest that carbon deposition is due to the polymerisation of C, molecules 
he recalled the work of Klemenc, Wechsberg, and Wagner (Z. physikal. Chem., 1934, 170, 97 
on the thermal decomposition of C,O, in which C, was formed and recognised by its absorption 
spectrum but rapidly polymerised to normal solid carbon 

The tendency of organic substances to smoke on burning freely in air has been examined by 
Clarke, Hunter, and Garner (/. Jnst. Petroleum, 1946, 32, 627). They show that with hydro 
carbons it is not merely a question of the C/H ratio: other factors concerning the structure of 
the molecule are involved. Thus the tendency of normal paraffins to smoke is relatively slight 
and increases with increasing chain length, but it is greater with branched-chain paraffins than 
with their normal isomers. Unsaturated compounds give appreciably more smoke than do 
the paraffins, but there is a different variation with structure. Increase in chain length of the 
olefin results in decreased smoke formation, as does an increase in the number of carbon atoms 
in the diolefin, benzene, and naphthalene series. For compounds containing oxygen, the 
content of this element is also of significance. In general, increased oxygen content results in a 
decreased tendency to smoke, provided that the hydrocarbon portion of the molecule does not 
exert an over-riding effect. Methyl alcohol for example does not form any carbon 

The voluminous literature on the pyrolysis of hydrocarbons shows that carbon and hydrogen 
are the ultimate products of a purely thermal process. In diffusion flames the réle of pyrolysis 
is undoubtedly significant, and in pre-mixed gas flames the presence of oxygen during the 
pre-heating stage profoundly alters the conditions in which carbon is formed. Gaydon and 
Whittingham (Proc. Roy. Soc., 1947, A, 189, 313) described the influence of oxides of sulphur 
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on the luminosity of pre-mixed gas flames; the effect, which is apparently catalytic, was not 
observed by us in diffusion flames. These and other facts bearing on the problem seem to us too 
limited experimentally for solution of this complex problem. 

The first step in the present investigation was consideration of experimental methods. 
Diffusion flames have been burned at low pressure, and a number of new features relating to 
carbon formation have been observed, including a pressure limit below which no carbon was 
obtained. This may be related to Smith's observations (Joc. cif.) that sooting was more 
pronounced in an ethylene-air flame at pressures greater than one atmosphere. The size and 
uniformity of the particles which we collected from the luminous zone of a diffusion fame have 
been examined under an electron-microscope, and absogption spectroscopy has been applied to 
hydrocarbons during pyrolysis and in the pre-heating zone of a flame. Many of the results 
obtained from these experiments cannot be adequately explained by existing theories and an 
alternative is suggested which is admittedly speculative. 

The investigation has been restricted to diffusion flames in their simplest form. The 
majority of technical applications of combustion employ diffusion flames although the conditions 
in the flames are complicated by turbulence. 


EXPERIMENTAL. 

Examination of Diffusion Flames at Reduced Pressures.—Caretul observations were made of the 
changes occurring in the reaction and the luminous zone of a non-aerated gas flame on a circular burner 
Fie. 1. 

Apparatus for the study of diffusion flames at low presimres 
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of the burner and still to Gro Hanes weleritinn ataes entgu cunt, Gapenrtting Ghetiansl guatioms. 
Fen rant he burned very steadily and was surrounded by its own exhaust gases. 
The Keynolds sumbers were very low and there was no turbulence. 


In experiments with acetylene and air in burner I (see Fig. 1) the volumetric flows at N.T_P. were 
1 and 11-9 c.c./sec. respectively. The flows t 
the the bustion vessel 





gases 
proportional to the pressure 

increased as the pressure was reduced. In this way the hewght of the dffusron fatne 

the gas velocity and the diffusion rate) should theoretically 

cat process of the combustion (Wolfhard and Parker, Proc Physical Soc., 

pre be es work). The diffusion flame at reduced es & 

€ wn occurred, but, as described below, carbon ton depended mar pressure. 

The reaction mechanisms for the oxidation of acetylene salen and for the burning of carbon particles 

are different, which in turn influences the height of the flame 





Fis. 2. 
Specsal features of an acetylene—air diffusion flame at low pressures. 
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The lowest pressure at which burning could be maintained with this mass flow in burner I 
was 270 mm. Hg At lower pressures the flame suddenly lifted off the burner The features of the 
flame at various pressures are shown in Fig. 2a—d. At the limiting pressure, the reaction zone was 
cone-shaped, and radiation consisted only of the C, and CH bands in the visible region together with a 
weak continaum from electron recombination. The C, bands were slightly stronger in the upper part 
of the cone, and the reverse held for the CH bands. Fig. la depicts the flame at 30 mm. pressure: the 
appearance was much the same except for a small red patch due to carbon particles nearly in the centre 

of the cone. At 37 mm. (Pig. 24) the cone remained daen the same size and shape, but the red patch 
was larger, reaching the upper boundary of the fame. At 60 mm. (Fig. 2c) the blue cone became smaller 
but remained essentially the same in length, while the red centre (caused by radiation from carbon 
particles) was level with the base of the blue cone at the bottom and extended above the blue cone at 
the ~ The growth of the carbon region beyond the blue cone was rather sudden and effected in some 
cases by a pressure change of only a few mm., and the overall height of the flame was doubled or even 
trebled. At 140 mm. (Fig. 2¢) the blue cone was small and unimportant but the carbon region was 

nsiderably changed. Instead of being very uniform in intensity, as at 60 mm. pressure, it had a fine 
structure and a more intense rim. The region was no longer closed but was open at the top, 
and at 180 mm. this opening increased so much that soot could be seen escaping at the top. At 270 mm 
the rim of the luminous cone had become very sharp indeed and the flame looked like a hollow luminous 
cylinder when viewed from above or below. At 340 mm. a new feature was observed; the sharp rim 
of the luminous carbon region was surrounded by a thin pale luminous skin which extended to the base 
of the flame 


An increase in mass flow to 16 ¢.c. of acetylene and 190 c.c. of air per second made the flame much 
taller, Fig 3a illustrates the fame at a pressure of 130 mm. (cf. Fig. 26). The blue cone was about 
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sixteen times as high as before and the carbon region was 30 cm. te 
rim which gave the flame a hollow ee oe 


yer in place of the former sharp brightly luminous rim. On top 
faded away, the black thin layer continued into a hollow cylinder of soot. Again 
become small and unimportant. Fig. 3d shows these features for a pressure of mm. 


In experiments in which oxygen was used instead of air it was 
lower pressures with the pump capacity and burners available. 
carbon appeared the flame height was essentially independent of the 
mass flow in accordance with diffusion considerations (Burke and Schu 
20, 995) 
Fra. 3. 
Mowe features of the acetylene-aur diffusion flame at low pressure (imcreased mass flow) 
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The oxygen flames, too, were much hotter and the burner rim became red hot, which led to cracking 
of the fuel on the rim of the inner tube. A carbon deposit grew in branching form and this growth was 
sometimes very rapid and built up 1—-2 mm. in 10 seconds. Finally a network of branches formed a 
cone which restricted the acetylene flow. Examined under the microscope this carbon was obviously 
different from soot. it had a smooth shiny surface similar to that of methane carbon found on the walls 
of the reaction vessel after the pyrolysis of methane and generally with the description of vitreous 
carbon given by Ephraim (‘' Textbook of Inorganic Chemistry,” 4th Edn., 1943, p. 137). This . 
a difference in the mode of formation and it seems that soot particles may be formed in the gas 
whereas vitreous carbon and methane carbon are the products of surface reactions 


Low-pressure Termination of Carbon Formation.—Observations were made on the limiting pressure 
of carbon formation for an acetylene-oxygen diffusion flame in burner II. The dimensions of this 
burner were such that the mass flow of acetylene and oxygen were in stoicheiometric —— and 
the linear velocities of the two gases were equal, as with burner I. In Fig. 4 the results are shown by 
»tting (on a log-log scale) the total pressure in the combustion vessel and the mean velocity of a 
fore it reached the fame. For a given mass flow a straight line inclined at 45° was obtained 
0-5 c.c. /sec. acetylene line terminates at 43 mm. at this e the flame reached its minimum 
co for self-propagation. The heat loss by conductivity and diffusion reached a value such that the 
me was unable to persist. For the 1-0 c.c./sec. acetylene mass flow line the minimum point moves 
towards lower pressures; for the 4-0 c.c./sec. line the minimum point was beyond the pump capacity. 





metric acetylene-oxygen of 
(2—16c.c. /sec. of acetylene ; reduced to N.T.P.). It is of course possible that this pressure limit depends 
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to some extent on the overall burner size. Moreover difficulty was sometimes expernenced in observing 
the low pressure limit of carbon formation, because even at pressures lower than 19 mm. the flame was 
7 t through the presence of CH and C, bands and some electron recombination continuum. The 
juminomty caused by carbon formation could usually be located more readily by using a pocket 
spectrograph The fact that carbon formation ceased at the same pressure over a wide range of mass 
seems to indicate a rea! low-pressure limit for this burner size 
Another characteristic of the flame, marked B in Fig. 4, is the point at which the luminous cone was 
hollow and accompanied by the onset of very marked soot formation. The line locating B is inclined to 
the line ——— A (the Grst appearance of luminosity) and forms a triangle within w the luminosity 
is due toi t carbon particles. All of these are ultimately burned. Free soot formation occurs 
to the right of this triangle 
If oxygen was used with acetylene in burner I, the a hg supply was virtually unlimited and the 
pressure limit of carbon formation was about 50 mm ¢ flame was very bright indeed and carbon 
growth very rapid. The luminous cone was mostly hollow but no free soot was observed. The carbon 
apparently burned away in the excess of oxygen. 


Fic. 4 
Stability regrow for a stoicheiometric C,H,-O, diffusion flame (Burner 11 
1000.— — — Ne 


Lime focat ngA 


Line locating 3 


Tota/ pressure, mm Hg 
P,, and P, indicate the * minamum points for propagation of the flame Sy, and S, imdicate the 
lowest pressures the pump could achieve Numbers shown im parentheses are ‘he mass flows of the C,H, 
in ¢4./s0e. at NTP @ indicates the Reynolds number of the fresh gas 


In diffusion flames with oxygen the bright rim in the luminous zone never underwent the inversion 
to opaque soot which was so characteristic in the air diffusion flame, though in other respects the flames 
were similar. The oxygen flames were of course much brighter 


The air diffusion flame of acetylene had a low-pressure limit of carbon formation at about 30 mm 
and again a luminosity triangle similar to that described for the oxygen flame could be contructed by 
plotting the results in the manner of Fig. 4 


Sise of Carbon Particles in a Diffusion Flame—To get some information on the size of carbon 
particles in a diffusion flame a standard Hefner candle was used containing amy! acetate. The carbon 
particles were collected on a copper grid or a wire passed rapidly through the flame and subsequently 
shotographed under an electron microscope. The Hefner candle could be made smoky or non-smoky 
by adjusting the height of the wick. In a non-smoky flame all carbon particles (which built into 
fllaments or chains on the sampling grid) were nearly equa! in size, approx. 1004. In a smoky flame, 
however, some large particles of approx. 500 a. were also found. he latter result must be treated 
with some reserve because it is difficult to obtain a representative sample from the grid, and the ratio of 
«mall to big particles varied considerably in different parts of the grid. Two other facts were apparent 
(1) the particles collected near the top of the flame were similar in size to those collected near the base, 
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and Gp in enn en es he See ne ea ee in pure ox 
and (2) when the particles collected on a grid were heated in a hydrogen some imcrease 
seemed to take place. The lather fact housour io again subject to the Ieeitotions of the musthed. 
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tion of visible and ultra-violet absorption ee ° - 
, as far as the authors are aware. This is understandable 
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Carbon formation in flames 
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of straight-chain and aromatic hydrocarbons were then examined, both 
during pyrolysis and in diffusion flames of more suitable dimensions. Several new facts were observed 
which may be relevant to the process of carbon formation. 


For the pyrolysis experiments the it was as follows: A quartz tube, 40 cm. long and 
2 cm. in diameter, was closed at each end Ag quartz windows. The tube was inserted in a furnace, 
33 cm. long, which could be heated to 1000 Hydrocarbon gases could be admitted to the tube through 
inlets at both ends and leave the tube again from an outlet at the centre. This arrangement had two 
special features, first, the inlets being at the ends prevented condensation of lysis products on the 
plane quartz windows, and, secondly, the outlet pipe was brought out of furnace and the 
roducts passing through it were burnt as a diffusion flame at the end. Ultra-violet light from a 
Cndoogen discharge tube of the low-tension type was passed in a parallel beam through the quartz tube 
and then focussed on the slit of a pry ay spectrograph (Hilger E3). The 1 
were obtained for each of a number of di tt hydrocarbons flowing continuously at a fi te 
(approx. 5 c.c./sec.) through the tube at various temperatures. The results were as follows. 


Ethane. From room temperature to 580° there was no absorption in the available wave-length 
range, viz., 2150—6000 a.; the tube was clear and there was no change in the outlet tube or the flame 
burning on the end of it. At 665° a continuous — py began from the short wave-length end of thé 
spectrura and the hydrogen continuum was absor up to 2450 4.; no change occurred in the outlet 
pipe or the end fame. At 805° the absorption had increased to 2800 a. and a mist was noticed in the 
cool part of the outlet tube; the luminosit ~ bye. the flame on the outlet pipe had also noticeably increased 
At absorption was complete up to 3 condensation in the outlet tube was very marked and 
the flame was so luminous that it began to become sooty. At 885° absorption had reached 4200 4. and 
the hydrogen continuum seen through the tube appeared clear re yellowish owing to the onset 
of absorption in the visible region. At 915° the absorption reac 5500 a. and the continuum was 
completely absorbed in the ultra-violet blue and the green region 


On lowering the temperature of the furnace the absorption decreased again in the reverse order, 
which indicated that the effect was real and not due to some extraneous cause such as condensation on 
the windows. 


This continuous absorption which increases with yo ee is a major feature of thermal reaction of 


hydrocarbons and seems to have been overlooked hit It was found for all the hydrocarbons 
investigated (viz., methane, ethane, butane, ethylene, acetylene, and benzene) and also for ethanol, 
but not for methanol. 


The spectra obtained for ethane are shown in Fig. 7a. 


Methane. A continuous absorption began at a higher temperature (870°) than with ethane (665°) 
but increased more rapidly with temperature. At 980° it had already reached 3300 a., while at 1000 
absorption was complete in the ultra-violet. The effect of pyrolysis on the diffusion flame at the outlet 
was very interesting. The luminosity of the fame did not change much with the furnace temperature 
and the mist formed by condensation of the products of pyrolysis entered the — Some of the mist 
became radiant before it reached the true luminous zone of the flame and 
streaks which passed right through the luminous zone and escaped as soot trom ¢ the top of it. Itis 
certain that the contact times in the flame are insufficient to gve soot particles of this size and they 
must be produced during an extensive thermal reaction in the furnace. 


Ethylene. The continous absorption of ethylene began at about 400° and was spread over the ultra- 
violet region up to 4600 a. at 750°. The process extended over a wider range than with methane 


Acetylene. This began to absorb at still lower temperatures than ethylene. The effect of pyrolysis 
can only be distinguished above 2300 a. since acetylene absorbs in the re 2000—2400 a. at ordinary 
temperature. Moreover, at elevated temperatures t vibrational levels are activated (an — 
which does not appear to have been recorded hitherto) even at 100° some incre: eee 
the far ultra-violet for that reason. At 330°, however, there was an absorption which could be att ted 
to pyrolysis and the whole of the ultra-violet region was affected within the temperature range 330—— 
500". 

Benzene. This has a strong absorption band at about 2600 ~.. which may be useful for observation 
of the effects of pyrolysis or of combustion. The experimental arrangement was not suitable for following 
the disappearance of this band (cf. experiments with the Hefner candle) because relatively cool benzene 
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Vapour was always mt at the two ends of the tube. It was, however, possible to see whether other 
aromatic compounds were formed through decomposition “or ymerisation of the benzene during 
pyrolysis, stace all more xar tie comp have sat longer wave- than benzene. 
(The last statement must be slightly qualified because present knowledge is very limited on the absorption 
spectra of these compounds im the gas phase but it is true of spectra obtained from solutions.) No 
unidentified bands were observed between 2700 and 4000 a. in any of the spectra and it is concluded that 
the benzene molecules decompose before polymerisation to polycyclic compou 


The experiznents with benzene were carried out in two ways. At first a stream of nitrogen, saturated 
with benzene vapour at room temperature, was passed through the quartz tube in the furnace. The 
cuncentration of benzene was relatively low and the absorption was not too strong, so that the short-wave 
aude of the 2600 4. band could be examined. It must be remembered of course that the thermal reaction 
is also retarded at a low concentration of benzene. Interpretation of the spectra is ae by the 
strong temperature influence on the natural absorption spectrum of benzene. Higher vibrational levels 
appear to be activated and the bands spread to longer wave-lengths, though not beyond about 2750 a 
Near 2300 4 a smal! continuous absorption originating in benzene exists, which becomes stronger even 
at 250°. and it ogeeette that more than one effect is really observed. At 750° a continuous absorption 
set in beyond 2700 4. and this was definitely due to thermal reaction. Other experiments were made 
with pure benzene vapour and precautions were taken to prevent condensation of the vapour in the 
supply tubes and at the cool ends of the pyrolysistube. Continuous egy ny beyond 2800 a. began to 
increase with certainty at about 500° or even below, and spread slowly to A. at 890" 





Fie. 5. 


Upper wave-length limits of strong absorption at higher 
tem peratures Fic. 6. 
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Methyi alcohol. This compound was included because it is well known that its fame contains no 
luminous carbon or soot. The pyrolysis has also beep thoroughly investigated (Fletcher, Proc. Roy 
Sew, 1934, A, 147, 119), and formaldehyde has been identified as an intermediate product. In these 
experiments, using very pure methanol to start with, no continuous absorption was observed at any 
temperature up to 1000° and the outlet fame did not acquire luminosity. Above 600° formaldehyde 
bands appeared and remained up to 900°, whereafter they began to disappear again. The maximam 
strength of these bands was observed at about 700-800" This result is very important for the present 
in vestigation and also suggests a good method for studying the decomposition reaction in detail 


Ethyl alcohol. The luminosity of an ethy! alcohol diffusion flame is comparable with that vt methane 
and ethane The vapour was passed into the pyrolysis tube with the usual precautions against 
condensation A continuous absorption began at about 600° and had eliminated nearly al! the ultra- 
violet h@ht by about 060 Formaldehyde bands appeared initially at 550° aad afterwards in strength 
comparable with those observed in the methanol experiments. This might be explamed by assuming 
that the C-C bead is broken first 


H,C-CH,-OH ——> CH, + CH,0 
and that the formaldehyde then decomposes further while the methane is pyrolysed. Continuous 
absorption, however, began at a somewhat lower temperature than in the experiments with methane 
and was more in accord with that of ethane. Formation of ethane through a bimolecular reaction such 
as 2H,C-CH,OH ——> C,H, + 2CH,O + H, may explain the similarity 
In Pig. 5 the wave-length at which strong absorption began for each hydrocarbon has been plotted 
against the temperature of pyrolysis. The curves are of course relative and depend, tter alia, on the 
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intensity of the light source. The latter was constant and the same lamp 
experiments. The curves indicate the thermal of the various substances, bu 
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With this arrangement absorption measurements included the long gas tunnel under the luminous 
mantle of the flame together with the two luminous layers at each end. The absorption due to the end 
and 


Fig. 7) shows a spectrum of the H, continuum 
in Fig. 6 the 


absorption at this point but on up 
mecreases from the short-wave into the nee fy = and final) 


from the burner to the reaction zone the effect observed is probably directly comparable with the 
absorption effect on pyrolysis, and substantially the same processes occur 


Discussion. 


The principal results of our experiments can be summarised as follows : 

(a) A diffusion flame can probably exist at any pressure provided that conditions of burner 
size and mass flow are suitably adjusted, but carbon formation in the fame depends markedly 
on . 

(b) Carbon deposits on the mouth of the burner, which formed very rapidly under certain 
conditions, were of a hard vitreous type, different from soot particles collected from the luminous 
zone of the flame. 

(c) Carbon particles in the luminous zone of a non-smoky flame are uniform in size and do 
not grow in the luminous zone. 

(d) The absorption spectra of hydrocarbons undergoing pyrolysis show an increasing 
continuous absorption spreading from the far ultra-violet and towards the visible region as the 
temperature of pyrolysis is raised. The relative temperatures at which this occurs for different 
hydrocarbons are in agreement with their known thermal stabilities. Similar effects were 
observed with ethyl alcohol but methy! alcohol behaved differently. 

(¢) Measurements in the pre-heating zone of a diffusion flame revealed similar absorption 
effects which increased from the burner mouth to the top of the zone. 

(f) Measurements of absorption in a benzene diffusion flame on a Hefner candle indicated 
that the benzene bands disappeared a short distance above the wick and before the vapour 
reached the luminous zone of the flame. No other bands appeared in their place. 

The similarity between the observed changes in absorption spectra of hydrocarbons in the 
pre-heating zone of a flame and those during pyrolysis supports the view that pyrolysis is an 
essential factor in combustion processes of difiusion flames. 

There is a marked difference in the conditions under which carbon formation occurs in 
pre-mixed flames (¢.g., a Bunsen flame) and in diffusion flames. Although the latter are more 
important for the purpose of this investigation, pre-mixed flames have been more fully studied 
in the past (Klaukens and Wolfhard, Proc. Rey. Soc., 1948, A, 198, 512; Gaydon and Wolfhard, 
ibid., 1948, A, 194, 169). The truly pre-mixed flame which will be considered is the inner cone 
of the Bunsen flame. The velocity of the pre-mixed fresh gas is much greater than that of the 
gas in the diffusion flame. The hydrocarbon fuel molecules are subject to a high temperature 
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for a shorter time and the degree of decomposition before oxidation may be less. The fuel 
molecules are also in intimate contact with oxygen, whereas in diffusion flames, or at least in 
the core of a diffusion flame where carbon formation is strongest, the fuel molecules are first 
heated and later diffuse into a region of oxygen. The presence of a reaction zone around the 
diffusion flame acts as a barrier to the oxygen (Wolfhard and Parker, Proc. Physical Soc., loc. crt 
and unpublished work). The presence of oxygen may have in some cases a profound effect on 
carbon formation and retard it 

The flame front in the region of the inner cone of a pre-mixed flame can be dvided into two 
parts: (1) a pre-heating zone where no appreciable exothermic reaction occurs, and (2) a reaction 
zone characterised by light emission due mainly to C,, CH, and OH bands. The reaction which 
is exothermic begins at about 800° for acetylene-oxygen and acetylene—air flames (Klaukens 
and Wolfhard, joc. cit.). Most hydrocarbons, however, undergo pyrolysis at a lower temperature 
and the fuel molecules probably undergo a certain amount of change before the exothermic 
reaction with oxygen begins, and the first steps in carbon formation may also occur before this 
It should be stressed that the contact time for the thermal reaction is much shorter than in the 
corresponding diffusion flame 

Mention has been made of the presence of C, molecules in the inner cone, but the way in 
which they are formed is not understood. Since they generally occur very early in the zone 
they may be formed by pyrolysis, being actually produced before the main reaction with the 
oxygen molecules occurs. In fuel-rich flames the C, radiation is greater and, since carbon 
formation also increases, it has been suggested that condensation of the C, molecules is responsible 
(Smith, Joc, cst.). At first sight this theory is attractive since the condensation process is strongly 
exothermic and will certainly occur if sufficient C, molecules are present. The number of C, 
molecules is probably very small, however, as indicated by the very low absorption coefficient in 
a pre-mixed acetylene-oxygen flame (0 + 2% abs.; Wolfhard, Z. Physik, 1939, 112, 107 
despite the normal! transition probability measured by Brewer ef al. (J. Chem. Physics, 1948, 
16, 797). Moreover, the fact that the C, disappears from the reaction zone earlier than CH and 
other intermediate molecules identified spectroscopically (Gaydon and Wolfhard, Faraday Sa 
Discussion, 1947, 2, 161) suggests that the C, molecule is very reactive and has little chance to 
survive and condense. Experimental results with a flat diffusion flame which has an absorbing 
layer of 5 cm. at atmospheric pressure (Wolfhard and Parker, Proc. Physical Soc., loc. cit.) 
support this argument. It was impossible to detect any C, absorption in flames of methane or 
coal gas with air or oxygen, only some weak C, band in emission located on the oxygen side of 
the luminous carbon region. The location of these bands strongly suggests that carbon 
formation does not depend on the existence of C, molecules. In view of these objections it 
seems unprofitable to attempt to interpret our results by this theory. 

It has been suggested that the formation of benzene rings and polycyclic structures precedes 
the formation of carbon. Rummel and Veh (loc. cit.) postulate that the hydrocarbon undergoes 
pyrolysis in the flame with the formation of large polycyclic intermediate molecules which 
suffer dehydrogenation and finally condense as solid carbon residues. The graphitic structure 
of carbon particles resembles the molecular structure of the benzene ring, or more exactly that 
of its polycyclic homologues. Thus, if one benzene ring becomes attached to the next or if 
side chains on a benzene nucleus link up to give naphthenic and aromatic structures, and this 
process is repeated, one plane of the graphite structure is formed. By adding one plane to 
another and eliminating the hydrogen atoms between them, a particle of the kind found in a 
flame might be formed This attractive theory is apparently supported by observations such 
as the greater tendency for aromatic fuels to smoke, and by the results of pyrolysis in which 
benzene and its homologues are formed by heat treatment of clefins and nearly every kind of 
hydrocarbon 

The absorption spectra which were obtained from the lower part of the benzene flame in 
experiments with a Hefner candle do not appear to support this theory. The flame was 
approximately double the height of the slit on the spectrograph and from the benzene absorption 
bands which disappear in the vertical direction it is concluded that the benzene is consumed in 
the lowest part of the flame. More important, however, is that no other absorption appears 
Naphthalene, anthracene, etc., have molar absorption coefficients (measured in solutions) as 
great as that of benzene, and these absorption bands lie in the most convenient part of the 
spectrum. Hence it must be concluded that naphthalene, anthracene, etc., are absent. Their 
absence at this point is believed to be evidence against Rummel and Veh's hypothesis. The 
benzene flame from a Hefner candle is hollow and carbon formation occurs only in the cylindrical 
layer. There is an appreciable gap between the early disappearance of the benzene and the 
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appearance of the carbon particles, yet none of these aromatic intermediate products which 
should absorb so strongly is found in this gap. 

It is true, of course, that the Hefner candle burning benzene is much more sooty than it is 
with amy! acetate or a paraffin, and the tendency for aromatic fuels to give coking troubles in 
combustion chambers is well known, but this is not necessarily evidence for the aromatic-ring- 
building theory of carbon formation. The tendency to smoke as measured in the soot lamp is 
actually smaller for the homologues of benzene than for benzene itself. 

In pyrolysis of hydrocarbons, carbon and hydrogen are always the end products if the 
temperature and contact time are sufficiently great but there is no real evidence on the individual 
step leading to the deposition of carbon. Typical results with the simpler hydrocarbons are 
those of Tropsch and Egloff (Ellis, ' The Chemistry of Petroleum Derivatives,”’ Vol, 11, 1937) 
for the pyrolysis of propane, ethane, and #-butane at 1100-—1400° and 50 mm. pressure, in which 
the products are either hydrocarbons of fairly low molecular weight, such as ethylene, acetylene, 
and propylene, or carbon but nothing between. It is, however, certain that carbon particles 
of 100-4. diameter cannot be formed from these hydrocarbons in a single step and it is pertinent 
to ask whether there is any evidence of an intermediate product. 

Before pursuing the question of an intermediate we shall discuss the nature of the carbon 
particles which form the end products. Hofmann and Dietrich (Z. Elehtrochem., 1036, 42, 504) 
compared the breadth of the X-ray lines of various soot and carbon particles with the natural 
width of the lines on the X-ray diagram of Ceylon graphite. In this way it was possible to 
calculate the dimensions of the crystallites in the material. The height of the crystallites in soot 
from acetylene was 13 a. and the length was 21a. Hence the carbon particles which were 
examined in this investigation and which had an irregular shape with an overall diameter of 
about 100—500 a. are probably not single crystals but are aggregates of many smaller crystals. 

Hofmann and Dietrich also showed that the lattice constants are different: in Ceylon 
graphite a «= 4°25 and ¢ = 6°694., whereas in acetylenic soot the values are 4°21 and 7'1a. 
respectively. The lattice is therefore deformed in soot, perhaps by residual hydrogen (usually 
about 1% by wt.) which is somehow attached and presumably located between the planes of 
the graphite. These planes still seem to be parallel in soot particles, as in graphite, but situated 
one on top of the other at random. Hofmann and Dietrich assume that the graphitising of any 
solid organic material such as a sugar at 1000° proceeds as follows: Nuclei of graphite are 
formed and the graphite crystallites grow from these nuclei by absorbing the surrounding 
material. The size of the final crystallite is given by the number of original nuclei. Below 
1400° there is no further increase in size, but above that temperature aggregation occurs and 
the crystallites grow at the expense of each other. The last process is probably very slow and 
may not ordinarily occur to carbon particles in flames 

We believe that we may have observed a graphitising process of this kind in a liquid droplet 
during the pyrolysis of methane at high temperature. Liquid droplets in the mist which formed 
in the exit tube passed through the flame at the outlet and in doing so changed rapidly into a 
luminous streak and a soot particle. Complete vaporisation of the droplets probably did not occur. 

The carbon particles which we collected from a non-smoky diffusion flame were approximately 
100 a. in diameter and very uniform in size over the whole of the luminous zone. Although the 
particles are probably aggregates of small crystals, it seems fairly certain that they do not grow 
in the luminous zone in spite of the collisions which they undergo through Brownian motion. 
If these graphite particles do not grow after entering the luminous zone and their formation is 
through a graphitising process similar to that suggested by Hofmann and Dietrich, then the 
material from which they form must be of similar size, viz., 1004. Thus two possibilities arise 
either (a) the material is all in the gas phase and the pregraphite particles are truly large 
molecules, or (b) the material is in the form of fine droplets which subsequently graphitise. 
Condensation of higher hydrocarbons of extremely low volatility may occur locally, even at 
elevated temperatures, if their saturation vapour pressure is reached. 

An alternative explanation might be that some nuclei of carbon are formed spontaneously 
and that these grow by a surface reaction with the gaseous fuel molecules which come into 
contact with them. This is analogous with the way in which carbon is deposited on hot 
surfaces in contact with hydrocarbon gases, the carbon initially formed seeming to catalyse the 
reaction which leads to further deposition. Carbon formed in this way has a different structure, 
however, and is of a vitreous type with an X-ray pattern more closely resembling that of 
diamond. The structure of soot particles is definitely graphitic and this important difference 
seems to rule out this alternative mode of formation. 

We may now consider whether the absorption experiments have any bearing on carbon 
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formation. We believe that they have, partly because a rapid spread of the absorption 
accompanied the onset of stronger luminosity in the diffusion flame at the outlet, and partly oa 
account of the different behaviour of methyl alcohol. On pyrolysis methyl alcohol decomposed 
and formaldehyde was among the products, but the diffusion flame at the outlet remained 
non-luminous even at high temperature. No continuous absorption was observed comparable 
with that of the hydrocarbons. All lower bydrocarbons are transparent in the visible and 
ultra-violet regions and do not begin to absorb strongly above 2000 4. Recent data collected 
by Sponer and Teller (Neo. Modern Physics, 1941, 18, 75) show that information about the 
gaseous state of higher hydrocarbons is very limited. Unsaturated 2 : 3-dimethylbut-2-ene 
shows the greatest shift in the ultra-violet region and absorption begins at 23004. With triple- 
bonded compounds the effect is more marked: acetylene has a banded spectrum reaching 
2400 a. but a long optical path is necessary to observe it. The absorption of vinylacetylene 
(but-l-en-3-yne) reaches up to 2553. and is also banded. Aromatic compounds absorb 
strongly in the ultra-violet region but have characteristic bands. Similarly, poly-unsaturated 
compounds such as conjugated polyenes and the cyanine dyes have banded spectra. The bands 
progress from the ultra-violet towards the visible region as the number of double bonds increases, 
but even a mixture of such compounds would not show an absorption which could be mistaken 
for a continuum. In short it is impossible to relate the experimental results to existing data. 
It might be argued that the effect is caused by carbon particles or liquid droplets which absorb 
preferentially in the ultra-violet region. This, however, is very unlikely because the observed 
cut off is complete. Moreover, the absorption begins to spread at relatively low temperatures, 
at which the amount of carbon formed is negligible. We suggest that the absorption is due 
either to higher hydrocarbons in the gas phase which increase in molecular size as the temperature 
is raised, of to unstable intermediate compounds which have not been isolated. Small 
quantities of light oils are known to be produced during pyrolysis, this being direct evidence of 
the formation of higher hydrocarbons, but the possibility of an unstable intermediate cannot be 
eliminated. Unsaturated compounds, such as olefins and acetylene, which are present during 
the pyrolysis of any hydrocarbon may form temporary molecular associations under transient 
conditions, Moreover, an unstable intermediate might have continuous absorption because of 
the loose character of the bonds 

Tentatively we suggest that carbon formation in the flame occurs by one of the following 
two processes : (>) Higher hydrocarbons are formed by pyrolysis. The molecular weight and 
concentration of these increase until the saturation vapour pressure is exceeded, whereupon 
condensation occurs and fine droplets are formed. These droplets contain nuclei of 
graphite, and graphite crystallites grow in the manner described by Hofmann and 
Dietrich (Joc. cif.) until each droplet is converted into carbon and hydrogen is largely 
eliminated. Since the droplets are moving in an increasing temperature gradient the 
process of graphitising must be more rapid than that of re-evaporation of the droplet. 

(2) During pyrolysis of the hydrocarbon large unstable molecules are formed which tend to 
decompose again into their original material. If conditions are favourable, however, very large 
molecules may be formed which graphitise on entering a region of sufficiently high temperature 
The graphitisation process is again similar to that proposed by Hofmann and Dietrich and 
depends on the spontaneous formation of carbon nuclei within the molecule. Each nucleus grows 
into a graphite crystallite until it meets the next crystallite growing from an adjacent nucleus 
inside the same molecule. The hydrogen atoms are freed and escape from the graphite structure. 

Either process provides an explanation of the limited experimental evidence. 

So far it has not been possible to offer any explanation of the results which were obtained 
with diffusion flames at low pressure, but these results will now be considered on the basis of 
the above theory, Data on pre-mixed flames indicate that each fuel molecule undergoes the 
same probable number of collisions to complete its reaction, whatever the total pressure. 
Similar data on diffusion flames are lacking, but it was found that at low pressures larger burners 
were again necessary and the flame was thereby enlarged. If the same processes are assumed 
to apply as in the pre-mixed flame, the decrease in the number of bimolecular collisions per second 
at the lower pressure is counterbalanced by the increased time available in the enlarged zone of 
the flame. Hence a low pressure limit seems unlikely for the diffusion flame as well as for the 
pre-mixed flame. Nothing in the experimental results contradicts this, as far as observations 
on the pale blue reaction zone is concerned, but there definitely is a marked decrease in carbon 
formation as indicated by the extinction of the luminous zone at low pressure. Now, if we 
assume that condensation of higher hydrocarbons precedes carbon formation, a low-pressure 
limit is readily explained since the partial pressure of these substances will eventually fall below 
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the saturation vapour pressure. If, however, we admit the existence of unstable intermediates 
which are supposed to be responsible for carbon formation, there must be a pressure limit at 
which the life time of the unstable molecule approaches the interval between collisions and the 
molecule has a greater chance of decomposing than of being built up by a subsequent collision 
As the pressure is reduced, therefore, the formation of large unstable molecules and consequently 
of carbon would be retarded and eventually stopped. 

Another observation, from the investigation of diffusion flames at reduced pressure, also 
seems capable of explanation in this way. The height of the diffusion flame should be 
independent of the pressure (for constant mass flow), but it was observed that the acetylene—air 
diffusion flame changed rather suddenly with pressure and the luminous zone opened out 
abruptly into an enlarged hollow cylinder (see Fig. 24). Combustion below the 
luminous rim takes place through interdiffusion of the acetylene molecules and the outside air 
or oxygen. This diffusion process is not seriously affected by the presence of bigger particles. 
Carbon dioxide, carbon monoxide, water, and other reaction products, which in a normal flame 
diffuse towards the centre, will be present in this enlarged flame. The acetylene molecules also 
diffuse freely and must have diffused away completely at a distance above the burner mouth 
equal to the height of a normal flame. If large fuel molecules have commenced to form low 
down they may be restricted from diffusing outside on account of the smaller diffusion coefficient 
relative to their size. Above the normal flame height, therefore, the central core of hot gases 
contains only carbon dioxide, carbon monoxide, water, and enlarged fuel molecules. The 
latter eventually lead to carbon formation. 
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419. The Stereochemistry of the Semidine Transformations. 
By D. Lt. Hamick and D. €. Munro 


By postulating activated states similar to those put forward previously (Hammick and 
Mason, /., 1946, 638) to explain the stereochemistry of the benzidine transformation, it is 
possible to show that during the conversion of gp meh into either semidines or 
diphenylines, the —s centres can be brought to “ ionic-bond “ length (ce. 2-54.) before 
rupture of the N-—-N link. 

It is shown that for the p-semidine transformation the nearest approach is 49..; as, 
however, the direction of interchange of —= during P-semidine transformation is opposite 
to that which takes place during the o-semuidine c , it is concluded that the two changes are 
possibly not analogous. This view is supported by fact that (i) all the recorded cases of the 
p-semidine transformation are brought about indirectly by the reduction of certain azo 
compounds by using stannous chioride, (ii) reduction of such azo-compounds in the absence of 
metal ions yields no p-semidine but good yields of o-semidine 


TH o-semidine transformation of suitably substituted aromatic hydrazo-compounds is catalysed 
by all acids of sufficient strength. It is therefore reasonable to conclude that the transformation 
is, hke the benzidine transformation (Hammick and Mason, /., 1946, 638), a reaction of 
protonated hydrazines. The attachment of a single proton will be mainly to the more basic 
of the two imino-groups in the hydrazobenzene molecule, and it is possible to decide which is 
the more basic from the relative basicities of the corresponding substituted anilines (‘‘ fission 
bases "'). It is found that with para-substituted hydrazobenzenes in which the para-sub- 
stituted ring corresponds to the more basic aniline, semidines are formed. On the other hand, 
compounds, such as p-chloro- and p-bromo-hydrazobenzene, in which the pere-substituted 
“ fission base "’ is the less basic of the two give diphenylines. Thus 
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(The relevant basic constants are: p-phenetidine, 179 x 10°"; aniline, 382 x 10™; 
p-chioroaniline, 0643 x 10°* ) 
The alternative o-semidine (shown inset) is apparently never formed (Jacobson, Amnaien, 
1922, 428, 90-99, 106, 117) 
x The intramolecular nature of the benzidine transformation of hydrazo- 
compounds must be regarded as established (Ingold and Kidd, /., 1933, 984) 
and though there is no direct evidence in the case of the o-semidine trans- 
formation, the similarity between the conditions and results of the two processes makes it not 
unreasonable to suppose that both are intramolecular. The stereochemical implications of a 
continuous transition process in the case of the benzidine transformation have been discussed 
(Hammick and Mason, Joc. ci/.) in terms of the known bond lengths and interatomic distances. 
It was shown that in the various hybridised, semi-classical structures that can be written for 
the initial phase of the activated molecules undergoing the transformation, the p-p’ (and p-0’) 
positions come to within normal covalent bonding distances. The most significant of these 
structures is shown in Fig. 1 
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““ #h 
a) Rensidime 174 A b) diphenyieme 1-20 a. 
o- sennidine 2-46 a. (the value for the o-semi- 
dome change, 16 with the rings arranged as wn 
Fig. 2). (d@) p-sermedine 4-03 a 


It will be seen in Fig. 1 that the critical distance ¢ for an o-semidine transformation is 2°46 a.,° 
which is of the order of an “’ ionic bond " in say a crystal of sodium chloride. Even if, therefore, 
curing the passage through the transition state shown in Fig. 2, the positive charge at o in the 
left part is at a distance of about 2°65 a. from the negative nitrogen atom in the right part, the 
two fragments will be prevented from separating by the strength of an ionic bond 

The failure, in general, of hydrazo-compounds to give o-semidines when benzidines are 
possible, can be related to the greater energy required to set up the o-quinonoid resonance 
structures involved in the transition over that required for p-quinonoid structures. This 
mechanism is essentially a modification of that due to Robinson (/J., 1941, 220), and attempts to 
fulfil the stereochemical requirements of a continuous process, the aspect with which we are 
primarily concerned. Dewar (‘ Electronic Theory of Organic Chemistry,’’ Oxford Univ. 
Press, 1949, pp. 233 ¢f seg.) puts forward a mechanism which depends on the assumption of 
the primary dissociation of a hydrazo-molecule, such as hydrazobenzene, into aniline and a 
positive ion, C,H,NH*. Cationoid attack by this ion on the aniline by the -NH* or by 
the o- and p-positive centres derived from it, lead to the known semidines, diphenylines, 
and benzidine derivatives. Separation of the cation and the aniline is prevented by x 
bonding. It is not immediately apparent how the x-bond formulation, in terms of a bond of 
indeterminate length and unknown strength, can provide a satisfactory way out of the stereo- 
chemical difhculties 

The relation of the p- to the o-semidine transformation presents problems which have not 
always been fully appreciated, although they are outlined by Jacobson (loc. cif., pp. 106—117) 
In general, p- and o-semidine formation occur together, and without diphenyline formation ; 
this suggests, but does not prove, the primary attachment of a proton to the same imino-group 


* The values used for bond lengths are those quoted by Hammick and Mason (loc. cif All bond 
angles have been taken as tetrahedral, except in carbonium ions which have been taken as planar, and in 
quadrivalent atoms with two single bonds and one double bond which have also been taken as planar, with 
~nds at 120 This is more in accordance with wave mechanical results, and with the structures of 
benzene and ethylene (Coulson, Qwarterly Reviews, 1947, 1, 163 
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in the formation of both semidines. But this is hard to reconcile with the fact that the p-semidine 
produced is derived, ¢g., in the case of p-ethoxyhydrazobenzene, by substitution of the 
phenetidine nitrogen into the aniline ring, whereas the o-semidine concurrently produced comes 
from the substitution of the aniline nitrogen into the phenetidine ring. This contrast is clear 
in Fig. 1, where R = OEt and R’ = H; the o-semidine union is ¢, whereas the p-semicdine is 
4d. It is to be noted that this distance in the activated state represented in Fig. 1 is 4°93 a., 
which is quite outside covalent- or ionic-bond length, and would imply ready fission 

A second important point in connection with the p-semidine transformation is that there is 
no recorded case of the change being brought about by the action of acid directly on a hydrazo- 
compound. In the $7 cases quoted by Jacobson (loc. cit., pp. 90—99) all were carried out by the 
action of aqueous alcoholic stannous chloride and hydrochloric acid on azo-compounds. A 
single case (Barbier and Sisley, Bull. Soc. chim., 1905, 33, 1232) is recorded where zinc and 
sulphurous acid were substituted for stannous chloride. It thus becomes not only difficult to 
believe that the p-semidine transformation can be strictly analogous in mechanism to the other 
hydrazobenzene rearrangements, but it raises very definitely the question as to whether the 
presence of certain metallic ions is not crucial. We have attempted to effect a transformation 
by the action of hydrochloric acid on p-ethoxyhydrazobenzene, but the products were intractable 
We have, however, found that when the reduction of appropriate azo-compounds is carried out 
in glacial acetic acid in the absence of metal ions, by the use of hydrogen and Rancy nickel, no 
p-semidine is produced, but excellent yields of o-semidine are obtained. The case of 4-ethoxy-2’- 
methylazobenzene is particularly notable, because, when rearrangement is brought about by 
using stannous chloride in ethanol and hydrochloric acid, the main product is the p-semidine, 
and the separation of the small quantity of o-semidine is difficult (Jacobson, Franz, and Zaar, 
Ber., 1903, 36, 3860) 

It is unprofitable to discuss mechanisms for the p-semidine transformation in terms of inter- 
mediate metallic complexes until more is known about its fundamental nature. There is as yet 
no direct evidence as to whether it is in fact intramolecular, or indeed whether it is a reaction of 
hydrazobenzenes at all. It appears to be certain that p-semidines cannot be produced by acids 
alone on hydrazobenzenes; moreover, under the conditions in which they are formed (reduction 
of azobenzenes in the presence-of tin or zinc ions), considerable quantities of “ fission bases 
are also produced, and there is the possibility that p-semidines arise from catalysed inter- 
actions of Friedel-Crafts type 

EXPERIMENTAL 

The following 4-hydroxyazobenzene and corresponding ¢ ds cont « methyl eroups were 
prepared by diazotisation and coupling by standard methods. The ethy! ethers were prepared by treat- 
ment of the hydroxy-compounds with sodium ethoxide and ethy! iodide, also by known methods 
4-hydroxyazobenzene, m P. 152°, from ethanol; ethyl ether, m. p. 77°, from ethanol: 4-hydroxy-3- 
methylazobenzene, m. p. 128—129°, from ligroin; ethyl ether, m. p. 51°, from ethanol: 4-hydroxy- 
2’-methylazobenzene, m. p. 107°, from ethanol (Grandmougin and Freiman, /. pr. Chem., 1908, 78, 348. 
give m. p. 107—108"); m. p. 119°, from methanol or ligroin; ethyl ether, m. p. 51°, from ethanol ; and 
4-hydroxy-3 : 2’<limethylazobenzene, m. p. 131°, from ethanol (Noelting «a Werner, Ber, 1800, 93. 
3259, give m. p. 132°), m. p. 148°, from methanol or ligroin; ethyl ether, m. p. 33°, from ligroin 

4-Aminoazobenzene. This was prepared by diazotisation of aniline and coupling of the product via 
diazoaminobenzene by standard methods; m. p. 122", from 

Rearrangement experiments. Those by using stannous chloride were carried out more or less according 
to the methods described by Jacobson (Annalen, 1922, 428, 85) 

The ethoxy-azo-compound (1 g.) was dissolved in ethanol (20 ¢ c.) and a solution of stannous chloride 
(6 g.) im concentrated hydrochloric acid (20 c.c.) added. After § hour the mixture was made alkaline 
with 20% sodium hydroxide solution and filtered, and the residue dried and extracted with a mixture 
of toluene (1 part) and ligroin (3 parts). On cooling this solution, the o-semidine was usually obtained 

This method was used with some success on 4-ethoxyazobenzene and ¢-ethoxy-3-methylazobenzene 
The semidine from 4-ethoxy-3 . 2’-dimethylazobenzene was distilled at 2-mm. pressure in the absence 
of air. 

The rearrangement of 4-ethoxy-2’-methylazobenzene was carried out as described by Jacobson, 
Franz, and Zaar (loc. cat it gave a yield of osemidine corresponding to 35% of the original 
azo-compound 








Rearrangements by using the Raney nickel-acetic acid were carried out as follows. The azo- 
compound (2-0 g.) was dissolved in cold glacial! acetic acid (30 c.c.) and Raney nickel (ca. | § ) added 
Shaking the solution with hydrogen for five minutes ensured complete reduction, the actual decolorisation 
requiring only about two minutes. The catalyst was removed by filtration, water (100 ¢.c.) was added, 
and the bulk of the dilute acetic acid removed by distillation at 20-mm. pressure. The residue, after 
treatment with dilute sodium h xide solution, was extracted with ether, the extract dried (Na,SO,), 
and the ether removed. Two distillations under reduced pressure of the residue (without a leak which 
causes rapid oxidation) provided a separation from the lower-boiling fission bases (aniline, and 
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ond Seana. Se the colourless to paie 


Yields were 
normally so 38% the oa of the azo-compound nm bases. 
The o-semidines are white solids, generally crystalline. Aerial oxidation of the solid is slow, but that 
of solutions is rapid. They were characterised A their benzil derivatives 
2-Amino-5-ethoaydiphenylamine, m > (Jacobson and Fischer, Ber., 1892, 25, 995, give m. p 
95"); benzil derivative, m. p. 162° (Jacobson Pe i 25. 1010, gives m. p. 161-162"): 2-amino-5 
ethoxy-4-methyidiphenylamine, mp. 94°, benzil derivative, m. p. 139° (Jacobson, Annaien, 1895, 27. 
135, 147, gives m. p. 06-05 for the amine and m. p. 136° for the benzil derivative) ; 2-amino-5-ethoxy-2 
methyidiphenylamime, m. p. 83°; beazil derivative, m. p. 170° | Jacobson, Franz, and Zaar, loc. cit., give 
62.43" for the amine and m. p. 172° for the benzil derivative); 2-amino-5-ethoxy-4 2 -di 
methyldiphenylamine m.p. 77°, bensil derivative, m. p. 150-153" (Jacobson, Annalen, 1895, 287, 190, 
gives m. p. 78° for the amine and m. p. 153° for the benzil derivative) 


Dyson Pexsins Lasosatory, Oxrorp [Recewwed, March 16th, 1950.) 


420. The Chemistry of Reductone. Part I1.* Some Condensation 
Products of Reductone with Amino-compounds. 


By Westey Cocker, R. A. Q. O'Meara, J. C. P. Scuwarz, and E. R. Sruart. 


Reductone has been condensed with various aromatic primary and secondary amines 
and certain @ amino-acids The structures of these condensation products are discussed 


In view of the biological significance of the condensation products of reductone with amino- 
compounds (Forrest and Walker, /., 1949, 2002; Angier ef al., ]., Amer. Chem. Soc., 1948, 70, 
25, Bell, Cocker, and O'Meara, Biochem. ]., 1049, 45, 373), it seemed desirable to investigate 
the formation and chemistry of these compounds in greater detail 

Although reductone can, theoretically, exist in a number of tautomeric modifications and 
a number of such structures have been suggested, ¢g., (I) (Norrish and Griffiths, /., 1928, 
2829), (11), (IV), and (V) (von Euler, Hasselquist, and Lédév, Arhw Kemi, Mineral., Geol., 1948, 
26, A, 17; von Euler and Hasselquist, Arhie Kenn, Mineral., Geol., 1949, 26, A, 25), structure 
(111) (von Euler and Martius, Anmnalen, 1933, 505, 73) seems to us, with our present information, 
to be the most acceptable. Incidentally, (V) is really the chelated trans-form of (III) : molecular 
madels show that chelation of the cis-form is stereochemically impossible 


CH, (OH 


HO-CHyCO-CHO O- €-OH HO-CH=C(OH)-CHO 
(L.) (ih) (til) 


H-C=0) H 
n¢=o} 


HO-CH-C/OH)=CH-OH HC: oO 
Ile av) 


H 


Reductone has been shown to condense, in the cold, with a number of amines, both in 
presence and in absence of mineral acid. Undoubtedly, in the latter conditions the yields ani 
quality of products are inferior to those obtained when mineral acid is employed. This may 
be associated with the necessity for the opening of an acid-labile rng system such as (II), as 
suggested by von Euler, Hasselquist, and Lédéw (Joc. cit.), but it may be that the acid favours 
the formation of the reactive, symmetrical ion (I1la) 

The products obtained from reductone and aniline, p-chloroaniline, 2-naphthylamine, and 
sulphanilic acid are, respectively, 3-anilino- (VI; R =< H), 3-p-chloroanilino- (V1; K = Cl), 
3-2'-naphthylamino- (Via), and 3-p-sulphoanilino-2-hydroxyprop-2-enal (VI; R = SO,H) 
Compounds (VI; K H and R Cl) and (Via) give the ene-diol colour reaction of Peasen 
and Kawerau (Biochem, J, 1943 37, 326), but the reaction with (VI; RK = SO,H) was unsatis 
factory The compounds (VI; R « H) and (Via) were shown to be completely enolic by 
titration with dichlorophenol-indophenol (Tillmans's reagent) in acid solution and this result 
was confirmed for (VI; R H) by titration with iodine, Titration with iodine reveals that 
VI: R SO,H) is only 50%, enol 

When reductone is condensed with methylaniline in presence of dilute acetic acid, 3-N- 
methylanilino-2-hydroxyprop-2-enal (VII) is obtained. Although this compound does not 


* The paper by Bell, Cocker, and O'Meara (loc. cit.) can be considered as Part I of this series 
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give Fearon and Kawerau's ene-diol reaction (Joc. ef.) it can be quantitatively titrated with 
iodine or with Tillmans’s reagent in acid solution. Oxidation of the groups ~C(OH)—C(OH)- 


—NH-CH=C(OH)-CHO 
| 


rk’ S-NH-CH=C(OH)-CHO € Snes H=C(OH)-CHO 


(V1) bn (Vie.) (VIL) 
~ S.NH-CH=CBrCHO 
\ J 
pms : ¥ | (X.) 
RC —~N=CH-C(OH)=—CH-OH H 
Ne” CH, CO-CH=CH-NHPh 
VIL) IX.) XI 
and —C(OH)—C(NHR)-~ by o-dinitrobenzene would, on Fearon and Kawerau's view (/oc. cst.), 
yield the systems o=t-+<—=0 and O=C-C=NR, but no such oxidation of -C(OH)—C(NRR’)- 
is possible; oxidation of the three enol systems 
with iodine or Tillmans's reagent, which pro- Fic. 1 
ceeds in acid solution, may involve the pro- ‘= CREE B 


duction of O=é-<——=—0, O=—C-C—NR, and ost 


o=¢-C=NRR’ respectively, thus affording an 
explanation of the oxidation of 
~C(OH)—C(NRR’)-, 
as in (VII), with iodine and Tillmans’s reagent 
despite failure to react with o-dinitrobenzene. 
The ultra-violet light absorption char- 
acteristics of a number of the amine and related 
condensation products are recorded in the 
Table and Fig. 1. The spectra of the condens- 
ation products of the primary amines are 
similar to that of the product from methyl- 
aniline and reductone which, if condensation 
is at an end carbon atom (see below), can only 
be of type (VII). The general structure (V1) 
has, therefore, been assigned to these products 
rather than (VIII) previously accepted by | 
Angier et al. (Joc. cit.) and by Bell, Cocker, and 2500 eae 
O'Meara (loc. cit.). It is clear, however, that (VI: Re) 
in the chelated state (IX), the two forms of the O (VIi) }om chloroform 
primary amine derivatives become identical. 














AA 


In chloroform In ethanol 


Amas, A. JOR Comes »& 10K Cees 
C Hy NH-CH=C(OH)-CHO . 3420 463 3 a74 
4.55 
C,HyNMe-CH=C(OH)-CHO . g i 3-65 
4-57 


C,HyNH-CH=CBr-CHOo . 
C,H Cl NH-CH=C(OH)-CHO 
EtO,C-C Hy NH-CH=C(OH)-CHO 


' 


ae 


BrO-CH=C(OBz)-CHO 


3o =o 


-~_ 


C Hy N=CH-C(OH)=CH-OBz 


C Hy NMe-CH=C(OBz)-CHO 


C,H yN=CH-C(OB2z)=CH-OBz 


+e © © © &+ ee 
Se ee 


- 
~ 











2054 Cocker, O’ Meara, Schwarz, and Stuart: 


We have examined the light absorption characteristics of 2-bromo-3-anilinoprop-2-enal (X) 
obtained from br lonaldehyde and aniline (Dieckmann and Platz, Ber., 1904, 37, 4637) 
and compared them with those of l-anilinobut-1l-en-3-one (XI) and related compounds (Bowden, 
Braude, Jones, and Weedon, /., 1946, 45). The spectra of these compounds are very similar 
to those of our condensation products, thus adding weight to the view accepted by most workers 
in this field that condensation of reductone with one molecule of amine takes place at an end 
carbon atom. If the ion (IIIa) is taken as a reactive form of reductone in acid solution, a 
possible mechanism of reaction with one molecule of amine is as follows 





HO-CH-C(OM)=CH-OH 4 PhNH, —> Ph NH,< H(OH)-C/(OH)=CH-OH — > 
Ph: NH-CH=C(OH)-CHO + H* + H,O 


An interesting change in light-absorption characteristics took place, with time, in solutions 
of (VI; R « H, CO,Et) in a large volume of alcohol (see Fig. 2a), but no similar change was 


Pio. 2a Fic 2 
T T 























alcohol (44 Ars 
toch" alcohol (24 Ars 
g | alcohol (24 hr 


observed in chloroform nor did alcoholic solutions of (VII) or of the dibenzoyl derivative (XVI) 
of reductone undergo any change. In the latter cases, the reducing system is, of course, 
blocked. The change is apparently associated with oxidation, since when (VI; R = H) was 
dissolved in alcohol, from which oxygen had been expelled by a current of nitrogen, the change 
in absorption characteristics was slowed and, on the contrary, the change was considerably 
accelerated when the solution was made up by using alcohol through which oxygen had been 
bubbled (Fig. 26). The spectrum of the solution after a long period of time closely resembled 
that of formanilide, bat attempts to isolate this compound from the oxidation of (VI; R =< H) 
with alkaline or neutral hydrogen peroxide were unsuccessful, although a strong carbylamine 
odour was noted 

Compounds (VI; R = H) and (VII) give intense violet colours with ferric chloride. Con- 
centrated sodium hydroxide converts them into their sodium salts which, when dried and 
shaken in dry ether with benzoyl chloride, yield 3-anilo-1-benzoyloxyprop-l-en-2-ol (XIV) 
and 3-N-methylanilino-2-benzoyloxyprop-2-enal (XV) respectively. The spectrum of (XIV) 





[1950) The Chemistry of Reductone. Part Il. 2055 


differs from that of (XV) (Fig. 3), but resembles that of the condensation product 
of aniline with the dibenzoyl derivative (XVI; see below) of reductone; this product must 
obviously be (XVII). It is for this reason that we assign the structure (XIV) to the benzoylation 
product of (VI; R = H) 


~Nwec OH)}=CH-NH-~ inf Sn <c(on)cH=NH YR’) xX 
NHeCH-C(OH}CH-NH j we, H-CHeC(OH)-CH ao, j 


[f \Su=cu-cer=cuxnu~ ‘4 6 SN=CH-C(OH)=CH-OBs 
i 4 ‘ ‘ J 


(XIIL) (XIV.) 


/SNMe-CH=C(OBs}CHO Bx“ H=C (OBz)-CH=N-C »¢ S-CHy NH-CH=C(OH)-CHO 
¢ (xv) (XVIL.) f (XVII) 
BeO-CH=C(OBz)CHO (XVI) 


When (VI; R = H) is heated with aniline in dilute hydrochionc acid, it affords 3-anilino- 
l-aniloprop-2-en-2-ol hydrochloride (XII; Re«H, R’' =H, X=Cl). This compound 
probably has the symmetrical resonance struc- 
ture and this is supported by the fact that 
(XII; Re H, R’ = Cl, X = Cl) is obtained by 
condensation of (a) (VI; R « H) with p-chloro- 
aniline or (6) (VI; R = Cl) with aniline (see 


[* | 
i 
ad 
below). The compound (XII; R= H, R’ = H, ~~ \ 1 





fondtye 


X = Cl) is also obtained when reductone is / 
heated with one or two equivalents of aniline j 
in the presence of hydrochloric acid or from ? 
(VI; R = H) by disproportionation with hydro 
chloric acid. 2-Bromo-3-anilinoprop-2-enal (X) 
disproportionates in a similar manner when 
heated with hydrobromic acid, giving 2-bromo- 
3-anilino-1l-aniloprop-2-ene hydrobromide 
(XIII; Dieckmann and Platz, loc. cit.) 

Von Euler, Hasselquist, and Lédv (loc. cit.) 
obtained a compound, m. p. 260°, by heating 
reductone with aniline in 4n-hydrochloric acid, 
which they considered to be the hydrochloride 
of a monoaniline derivative of reductone 
They do not give an analysis of this compound, 1 
but base their structure solely on a titration a 3500 
of the crude material with Tillmans’s reagent , 

Working under these conditions we obtained @ (XIV). O (XV), © (XVI). x (XVII) 
(X11; Re H, R’ «= H, X = Cl) and this com- 

pound decolorised one mole (two atoms) of iodine per mole, and its titration with Tillmans’s reagent 
agreed with this. We were also unable to obtain the “ free base,"’ m. p. 64° (again, no analyses 
were recorded), described by von Euler and his co-workers (loc. cit.). In our hands, basification 
of (XII; R = H, R’ = H, X = Cl) with alkali or sodium acetate gave a red precipitate which 
could not be purified; further, the odour of carbylamine was noticed 

Attempts to cyclise (VI; R= H) or (XII; R= H, R’ = H, X = Cl) to an indole or 
quinoline were unsuccessful. Concentrated sulphuric acid converted both compounds into 
(Vv I; R = SO,H) 

We have also obtained 3-p-toluidino-1-p-tolyliminoprop-2-en-2-ol hydrochloride (XII 
R= Me, R’ = Me, X = Cl), 3-p-chloroanilino-1-p-chloroaniloprop-2--n-2-ol hydrochloride 
(NII; R= Cl R’ «Cl, X = Cl), and 3-anilino-l-aniloprop-2-en-2-ol sulphate and acetate 
(XII; R= H, R’ = H, X = §SO, and OAc respectively) by condensation of the appropriate 
amine with reductcne in presence of the appropriate hot dilute acid 

It is interesting that, when (VII) was heated with aniline in presence of hydrochloric acid 
the methylaniline residue was eliminated and the dianilino-compound (XII; R = H, R’ = H, 
X = Cl) was obtained. 

6a 
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Benzylamine reacts with reductone in alcohol to give the benzylamine salt which is trans- 
formed, in aqueous solution on storage, into 3-benzylamino-2-hydroxyprop-2-enal (XVIII). 

The dibenzoy! derivative of reductone (XVI) is obtained either from the dry sodium salt 
and benzoy! chloride in ether or by shaking reductone with benzoy! chloride in aqueous sodium 
acetate. The monobenzoy! derivative was not encountered.* 

Reductone condenses readily with primary or secondary a-amino-acids in the presence or 
absence of hydrochloric acid. Except in the case of alanine, condensation products of the 
type (XIX) are produced, ¢ g., from glycine, (+ )-2-aminobutyric acid, and (+ )-$-phenylalanine, 
we have obtained respectively (XIX; R «= R’ =— H: XIX; R= H, R’ = Et: and XIX; R= H, 
Kk’ = CH,Ph). These compounds give Fearon and Kawerau's ene-diol test and are quantit- 
atively oxidised by iodine and Tillmans’s reagent. In water they titrate as monobasic acids; 
in alcohol, slightly higher figures are obtained 

N-Phenyl- and N-benzyl-glycine respectively yield (XIX; R= Ph, R'’=H; and 
R = CH,Ph, R’ = H). These compounds titrate normally with iodine and Tillmans’s reagent 
and as monobasic acids with sodium hydroxide, but the ene-diol colour only appears after some 
time, during which hydrolysis probably occurs 

(+)-Alanine reacts abnormally with reductone yielding a compound which analyses as 
C,H,,0,N or C,H,,0,N. This compound is not oxidised by iodine or Tillmans's reagent, nor 
does it give the ene-diol reaction It titrates as a dibasic acid and gives a powerful red-brown 
ferric reaction. Structure (XX) or (XXI) seems likely for this compound. However, attempts 
to condense reductone with aa’-iminodipropionic acid, which could afford (XXI), have so far 
been unsuccessful and it has not been possible to condense (XIX; R = R’ = H) or (VI; 
R « H) with another molecule of reductone 


(XIX.) OHC-C(OM)=CH-NR-CHR'COHW OHC-C(OH)=CH),N-CHMeCO,H = (XX.) 
OHC-C(OH)=CH-N (CHMe-CO,H), (XX1.) 


We were unable to obtain a product from (—)-tL-leucine and reductone as described by von 
Euler, Hasselquist, and Léév (Arti Keni, Mineral., Geol., 1948, 26, A, 17) 
Further work on the condensation of reductone with amino-acids 1s in progress. 


EXPERIMENTAL, 


Reducton, This compound was obtained by a modification of the method described by von Euler, 
Hasselquist, snd Loov (sid., 1048, 36, 8.5). The dried lead salt of reductone was suspended in acetone 
and decomposed with phosphoric acid. After filtration the solution was concentrated under reduced 
pressure and cooled. Keductone separated and was washed with a little acetone. 


Tillmans's Reagent.10 Tablets of dichlorophenol-indophenol (B.D.H.; each tablet equiv. to 1 mg. 
af ascorbic acid) were dissolved in distilled water (50 ¢.c.) giving a 0-00227N-solution. Titrations were 
carried out in presence of hydrochloric acid 


3-Anilino-2-Aydroxyprop-2-enal (VI, R H A mixture of reductone (0-5 g.), aniline (0-5 c.c.), 
concentrated hydrochloric acid (0-5 c.c.) and water (7 ¢.c.) was set aside at 0° for 2 hours and the product 
(®7 g.; m. p. 116-118") was collected. The aldehyde was obtained as colourless needles, m. p. 118— 
120°, by crystallisation from chloroform-—light petroleum (Found: C, 663; H, 55; N, 7-8. C,H,O.N 
requires C, 662; H, 55, N, 86%). The same product was obtained (0-5 g.; m. p. 05-06") when a 
mixture of reductone (0-5 ¢.). aniline (0-5 c.c.) in alcohol (1-56 ¢.c.) and water (30 c.c.) was shaken for 
Zhours. The compound (1 26 mg.) in acidified alcohol required 6-4 c.c. of Tillmans’s reagent (2 equivs 
require 65 c.c.) he compound (15-3 mg.) required 18-6 cc. of » 100-jodine, benzene being used as 
indicator (2 equivs, require 18-5 c.c 


3-p-CAloroansimo-2 1 am. 2-enal (VI; R = Cl) was obtained (0-95 g.) when a mixture of 
reductone (0-4 g.), p-chloroaniline (0-7 g.), concentrated hydrochloric acid (1 c.c.) and water (10 c.c.) 
was kept at 0° for 2 hours. The aldehyde crystallised from very dilute alcohol (charcoal) as pale 
yellow needles, m. p. 168 170° (Found: C, 54-8; H, 43; N, 68. C,H,O,NC! requires C, 54-7; H, 
41; NL 71% 


3-(2-Naphthylamino)-2-hydroxryprop-2-enal (Vla) was obtained (0-8 g =m. p. 145—150") from reductone 
© 5 g.) as described for the above compounds. It crystallised from chioroform as golden plates, m. p 


151--152° after shrinking at 145° (Found: C, 72-7; H, 50; N, 64. C,,H,,.O.N requires C, 73-2; 
H, 2; N, 66% 


3-(p Sulphoanilino)-2-Aydroxyprop-2-enal (V1; K = SO,H), obtained by warming equivalent 
quantities of reductone and sulphanilic acid in water, crystallised from water as yellow small needles, 
m p. 208° (decomp.) Found: C, 41-2; H, #42; N, 54; S, 126. C,H,O,NS H,O requires C, 414; 
H, 42; N, &4; S, 123%) 


* ‘Added, May Uh, 1950.) Since this paper was submitted, the monobenzoy! derivative of reductone 
has been obtai by shaking the sodium salt of reductone with benzoy! chloride in dry benzene. Details 
will be publushed later 
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The same compound was obtained when (VI; R — H) (0-2 .) was treated with concentrated sulphuric 
ee Sot Re Pouring the solutions into water gave 
{ = SO,H) 


3-N-Methylanilino-2-hydroxyprop-2-enal (VII).—A mixture of reductone (1 g.), methylaniline (1 ¢.c } 
acetic acid (4 c.c.) and water (9 c.c.) was kept at 0° for S days. The aldehyde (0-7 g.; m. p. 100-103" 
crystallised from dilute alcohol as colourless eh . 106 107° (Found: C, 66-3; H, 65; N, 74 
ee 67-5; H,@2; N, 79%). 1097 , titrated in alcohol containing h 
acid, required 10 c.c. of Tillmans’s reagent fp require 98 c.c ) 


Benzylamune Salt of Reductone twat eee = y — oy oe tg fs 8 
reductone (0-2 g.) in alcohol (4 c.c.), on m. p. 77—70" (Found: C, 614; H, 63; N, 73 
CD Sane <. 61-5; H, 67 2 ts solution in water y ' a solid 
70-90", which could not be crystallised. This is probably 2 ’ Leena. 

(x IT) (Found: C, 663, H, 60. C,,H,,O,N.§H,O requires C, 64-5; H, 65%). 
3-Anilo-1-bensoyloxyprop-l-en-2-ol (XIV).—The substance (VI; R = Ht), dissolved in a minimum 
quantity of alcohol, was treated with excess of sodium hydroxide (25%). The tated sodium 
salt was collected, washed with alcohol, and dried with ether. The t (0-65 g.) was 
Bydropen carinonate (20 c.c.), shaken with benzoyl chloride (0-34 c.c.) for | rs and then with sodium 
yy and filtered. The pale reduc (0-2 ¢.; m. p. 156-—158°) crystallised 
colourless prisms, m. p. 157--158° (Found: C, 729; H, 51; N, 40%; M, 247 
Cults soquives C. Th®; H, 40; N, 529%; M, 267). It gave « reddish-brown colour with ferric 


3-N-Methylanilino-2-benzoyloxyprop-2-enal (XV), similarly obtained from (VII) in 70% yield, 
crystallised from dilute alcohol 7? mg ty arnt prisms, m. p. 151° (Found: C, 722; H, 65: N, 43 
C,,H,,O,N requires C, 72-6; H, 5 


3-Ansiimo- $e A Ae preitin (Xl; R= H, R' = H, X ~ Cl), ee.—A mixture of 
reductone (1 g (2 c.c.), bydrochioric acid (3-4 c.c.), and water (10 c.c.) was heated at 65° for 
10 minutes. On cooling, the Aydrochioride (1-5 g.) was deposited and crystallised from dilute alcoho! 
as golden yellow needles, m. p. 245—255° oe? ) according to the rate of heating (Found : C, 656-6 
H, 56; N, @5. C,,H,ON, HCI requires C, 656; H, 5-5; N, 102%). The same compound was 
obtained when (VI; "R - HD (0-5 g.) was heated with hydrochloric acid (2 c.c.) and water (3 c.c.) for 
10 minutes on the water-bath. The corresponding sulp was obtained when the reaction was 
formed in sulphuric acid (ca. 15%). It crystallised from dilute alcohol as ho. needles, =p. 

208° (decomp.) (Found: C, 502; H, 6-7; N, @4. (C,,H,,ON,),,H,SO,2H,0 ~~ c 0; H, 
56; N, 2%). The acetate was obtained when reductone (0-5 g.), aniline (1 ¢.c.), water (9 c.c.), and 
acetic acid (5 c.c.) were anne gently for 5 minutes; it crystallised from A thew as yellow needles 
m. p. 150—153° (Found 63-5; H, 569; N, 79; CH,-CO,H, 344. C,,H.ON, 2C,H,O, requires 
C, 63-7; H,@1; N, 78; cH «CO,H, 33-56%). 


3-p- / olusdino-1- yliminoprop-2-en-2-0l Hydrochloride (X11; R= Me, R' «= Me, X = Cl) 

in a sim manner to the aniline analogue, Wtec from dilute alcoho! as yellow 

needies, m > Pe 264° (decomp.) (Found: C, 67-56; H, 61; N, 00. C,,H,,ON, HC! requires C, 67-4 
H, 63; N, 63%) 


3-p-Chloroanslino-1-p-chlor op-2-en-2-ol dvochloride (X11; ReCl Rw Cl X = Cl) 
crystallised from glacial acetic acid as yellow . m. p. 274-276" (decomp.) (Found: C, 52-5 
H, 41; N, 84. C,,H,,ON,Cl,, HC! requires C, 52-4; H.38; N, & 2%). 


3-p-CAloroanilino-l-aniloprop-2-en-2-0ol hydrochloride (X11; Re H; KR, Cl; X' = Cl) was 
obtained when (VI; R = Cl) (0-6 g.) in alcohol (15 c.c.) was heated with aniline hydrochloride (0-5 g.) 
and concentrated ype — (1 c.c.) for 5 hater the water-bath. It crystallised —-: . 
—— of alcohol as golden ~~ Ee 262—265" (decomp.) (Found: C, 57-4; H, 
gH yON,Cl, mA rem aoe = Cc, H, a5, N, ® i) The same compound is Sbeained ‘ton 
(V1); i. H is heated with p-chioroaniline b \ 


2 : 3-Dibenzoylozyprop-2-enal — —The sodium salt of reductone (von Euler, Hasselquist, and 
Lé6v, Arkiv Kemi, Minmeral., Geol., 1948, 26, B, 8), Sacky pouseess 2 8+. bensoy! chloride (2-8 ¢.<.). 
and ether (70 c.c.) were shaken for 10 hours. After being shaken with water and bay 
carbonate solution, the mixture was filtered. The residue crystallised from alcohol as neodlen, mp 
115—125° (Found: C, 60-1; H, 43%; M, 314. C,,H,,O, requires C, 680; H, 41%; M, 

It gave no ferric reaction. 


2:3-Di -2-enylidencaniline (XVII).—This anil was obtained when the previous 
compound (XVI) (0- g.) in benzene Vy Beg Reengh gore capt agenda ae 0-16 ¢.c.) 
It separated on ing and Ro 126-1 (Found 
C, 740; H, 53; N,S1. CHO .N Fons 4 744; N, 3-6%). wi paployeinares 

ber ag? np eg porary eli a ge firs acid ( ot a aniline hydro- 
“ST ¢%: Sao" F ccinntes on the water-both, & a it: KR. a ee X = Cl) (Pound ; 
Cc 7 


uth a-Amino-acids 
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, ph te y mem te Lp a-N-(2-Hydroxy acid (XIX; 
R’ t) crystallised from water as os yotumn oop. 17%" Casson) (ound : C, 48-8; 
HO requires C, 466, H. 64; N, &1%) of 
dl was noticed no doubt this arcee from 
form of reductone (cf. Schémberg, Mowbasher, and Mostafa, /., 1948, 176) 


(c) With (4)-B-phenylalanine. This condensation, with reductone (0-5 ¢.) 
dilute solution (15 c.c. of ne) 2 to 10 minutes. « 
ee acid { - we } @6gjc 
or ty p. 181° (decomp.) (Found: C, 61-1; H, 50; N, 6 CoH JON voquiree C, 61-3: H's 
60%) 


(4) Wi N- een? 4" The condensation, performed as in (a), gave aap l-N -(2-hydroazy- 
phys pen 8 ey ; R= Ph, R’ = H), first asan oil; this solidified to a ye! solid ( (os 

06 Tee oe from water as pale , m. p. 137-——138° (Found 596 
H. 40; N66 Cult nOok requires C, 50-7; H, to: N, COs. 


‘e) With oe From reductone (0-6 g). N-bensyl-N -(2-hydroxy-2-formyluinyl) glycine 
(XIX; R «CH P take, (0-5 g.) was obtained, which ¢ stallised from 50% alcohol as colourless 
rhombs, mp! ( (Found: C, 61-6; H,&3. C,H O,N requires C, ‘‘L- 3; H, 55%) 


(f) With (4)-alanine, The requisite conditions in this case seem to be more ife. Reductone 
(0-6 g.) and «alanine (0-5 g.) in water is and containing »- en pone sony acid (1 c.c.) were heated on the 
water-bath for 10 t On scratching, the product, y (XN) or (XXII) (1 g.), 
separated. It crystallised from water #00 pole yo yellow rhombs, m. & * (decomp.) (Found: C, 47-6 
H, 41; N, @4. C,H,,O.N requires C , H, 66; N, 61 eH, ,O,N requires C, 47-2, H, 48 
N, 61%) 
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421. Separation of Lanthanons by Means of Complexes with 
Amino-acids. 
By R. C. Vickery. 


The formation of complexes by amino-acids with the lanthanons affords an effective 
method of separating the lighter earths by oxalate fractionation but has little effect on the 
heavy lanthanons. Of the amino-acids studied, histidine forms the strongest complexes, 
glycine being less efficient; other amino-acids are of but little value. Rapid separation 
of lanthanum is obtained, as well as speedy concentration of samarium, some separation of 
praseodymium and neodymium is also observed. Indications have been found of the possible 
existence of two stages of co-ordination with the amino-acids, and some crystalline lanthanon- 
amino-acid complexes have been prepared and analysed 


Kecent developments in the chemical separation of the lanthanons depend upon the use of 
agents forming complexes of varying stability with these elements. Prandtl (Z. anorg. Chem., 
1922, 120, 120, ete) early showed the value of ammine groupings in lanthanon separations ; 
Beck (Hele. Chim. Acta, 1946, 29, 357) has utilised nitrilotriacetate complexes, and the author 
(J., 1960, 1101) recently indicated the use of carboxylic as well as amino-groups in 
double sulphate fractionation. Marsh (/., 1950, 1819) has since demonstrated the value of 
ethylenediamine-N NN'N’-tetra-acetic acid as co-ordinating agent in separations of both light 
and heavy lanthanon groups 

Schwarzenbach and his school (Helv. Chim. Acta, 1945, 28, ef seg.) found that ethylenedi- 
aminetetra-acetic acid and | : 2-diaminocyclohexane-NNN’N’-tetra-acetic acid were the 
strongest co-ordinating agents for the alkaline earths and that the co-ordinating strengths of 
these agents held also for certain of the tervalent elements including lanthanum and cerium. 

The structures necessary for formation of complexes of this type are summarized by Marsh 
loc. est.) as" one or more secondary or tertiary amino-groups, and two or more acetate radicals 
so disposed as to give rise to chelate structures.” It would be expected therefore that the amino- 
acids might prove of value in the formation of complexes with the lanthanons. The co-ordinated 
compound of copper with glycine is well known and presents many analogies to that with 
ethylenediamine, so lanthanon—amino-acid compounds should show many features comparable 
with those of the ethylenediamine compounds and thus be useful for fractionation 

It might, moreover, be expected that the amino-acids should be of two-fold value, their 
“ gwitterionic "’ characteristics rendering chelation possible at both ends of the molecule. 
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Ryabchikov and Terent'eva (/ est. Ahad. Nawk. S.S.S_R., Otdel Khim. Nawh., 1949, 44) indicated 
that, of the amino-acids, glutamic and aspartic acids form the most stable complexes with 
lanthanons, and Pfeiffer (A nnaien, 1933, 508, 84; /. pr. Chem., 1933, 136, 321) showed that of 
the amino-acids, NH,*[CH,),°CO,H, setae a = 1 or 2, giving rise to 5- or 6-membered rings 
respectively, alone function as chelating 

According to Schmidt and Smythe (J. Biol. ‘Chem , 1930, 88, 241) complexes should best be 
formed by amino-acids possessing a hydroxy] group in the 2-position with respect to the carboxy! 
group and by the dicarboxylic amino-acids providing that no CH, groups interpose between the 

carboxyl groupings. It would be difficult to adhere to these criteria but it might reasonably 
be expected that co-ordination would be more likely the higher the concentrations of amino- and 
carboxylic groupings. The stability of the complex formed with cystine, however, is not so 
high as that with glycine, probably owing to the sulphur atoms present in the molecule. 

Comparative stability constants have been given by Maley and Mellor (Nature, 1948, 161, 
437; 1950, 165, 453; Australian ]. Sci. Res., 1949, A, 2, 92) for ethylenediamine and amino-acid 
complexes of bivalent metal ions; Schwarzenbach (loc. cit.) gives pK values of 98 and 92 for 
lanthanum and cerium ethylenediamine compounds, respectively, and in this region the 
constants for histidine and ethylenediamine are quite comparable. Histidine apparently forms 
complexes more readily than do the other amino-acids, and Maley and Mellor suggest that this 
may be due to attachment by amino- and imino-groupings rather than the amino- and carboxy! 
groupings of other amino-acids—this is more or less confirmation of the assumption (see above) 
that it is the constitutional concentration of amino-groups which influences the co-ordinating 
strength Apart from the degree of attachment of the co-ordinating group there is good reason 
to assume that basicity has much to do with the stability of individual lanthanon complexes— 
this is also indirectly stated by Irving and Williams (Nature, 1948, 162, 746): © the more stable 
the complex the lower the pH at which it can exist.” 

The use of amino-acids for forming complexes with the lanthanons appears confined from the 
practical aspect to glycine and histidine. Glutamic and aspartic acids and cystine, although 
apparently forming complexes to a small degree, are ineffective in aiding separation of the 
lanthanons—in this respect it has not been possible to confirm the Russian workers’ results 
(loc. cit.) that glutamic and aspartic acids form the most stable complexes. Of all the amino- 
acids studied, histidine and glycine are the only ones to co-ordinate with lanthanon hydroxides 
in neutral or ammoniacal solutions. Ammoniacal solutions of the other amino-acids will not 
form complexes at all and require acidification in order to obtain solution. From these acid 
solutions only oxalate precipitation is practicable, and except with histidine and glycine 
separation was normally little better than ordinary oxalate precipitation, the lanthanum coming 
out at the tail in small yield but of good purity 

It would, however, appear that two types of co-ordination exist between the lanthanons and 
the amino-acids. If excess of lanthanon hydroxides is digested with aqueous glycine or histidine, 
and the solution filtered from excess of hydroxide, the lanthanon solution, on fractional pre- 
cipitation with oxalic acid, separates in the normal sequence, :¢., in inverse order of atomic 
number although with a somewhat enhanced separation. If, however, appreciable excess of 
amino-acid is employed for complete dissolution of the lanthanon hydroxides, then fractional 
oxalate precipitation will bring down the lanthanum at the head with the other earths following 
in order of atomic number, giving a degree of separation equivalent to that obtained by Marsh 
with ethylenediaminetetra-acetate. There thus appears to be a primary solvation effect with 
but little co-ordination, and a secondary fully co-ordinating effect. Possibly there exists an 
equilibrium in the first effect which depresses full co-ordination and this equilibrium is destroyed 
by the presence of excess of amino-acid. Since this effect has been noted with both glycine 
and histidine complexes, it cannot be ascribed to an antagonism between amino- and imino- 
groupings for complex-formation but might be a more general effect for hydroxides of high 
basicity, indicating antagonism between carboxy! and amino-groupings. 

Such a hypothesis would explain the discrepancy of the degree of co-ordination found here 
with that given by the Russians, for if they obtained only the primary complex in some cases and 
full co-ordination in others, then their observations on the comparative stability of such 
complexes would be invalid 

Reversa! of the oxalate series is in line with that obtained with ethylenediaminetetra-acetate 
and is probably indicative of full co-ordination. 

With histidine as co-ordinating agent, fractional precipitation with oxalic acid enables good 
concentrations of lanthanum and samarium to be obtained at the head and tail of a short series. 
Table II shows that lanthanum increased from 40 to 95% in the first fraction and was absent after 
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the fourth. in six fractions samarium was increased from 50 to 50%; some separation of 
prascodymium and neodymium is also seen. Fractionation in the presence of glycine is not so 
effective (see Table 1); increase of the number of fractions to eight gave a 90% lanthanum at 
the head with only the last two fractions free from this element (determined by spark 
spectroscopy), a 40%, samarium concentrate was obtained at the tail but praseodymium and 
neodymium showed little separation. 

Co-ordination should be greater with the heavy, less basic lanthanons, but very little 
separation could be obtained in this group in the presence of either histidine or glycine. Ex- 
tension of the senes to eighteen fractions gave a certain removal of erbium from the first half 
of the series, but apart from this negligible variations were obtained. 

Fractionation as oxalates in the presence of histidine is probably as effective as with 
ethylenediaminetetra-acetic acid; amino-acids, however, cannot directly form complexes again 
with the precipitated oxalates, so continued fractionation by this means requires intermediate 
conversion into hydroxides before a series can be carried on. Nevertheless, the effectiveness of 
the method here described is further indication of the greatly enhanced separations obtained by 
the use of co-ordinating agents. 

EXPERIMENTAL 

Preliminary qualitative work showed that of all the amino-acids only aqueous solutions of histidine 
and glycine would form complexes with lanthanon hydroxides in neutral or ammoniaca! solutions. In 
acid solutions all the amino-acids formed complexes but in such cases it was dificult to determine which 
had most effect, solvating action of the mineral acid or co-ordinating action of the amino-acid = Quantit- 
ative work was therefore only carried out with histidine and glycine 

Glycine Complexes: Separation of the Light Lanthanons.—The lanthanon hydroxides were derived 
from mixed sources but were approximately in the same ratio as in monazite minus cerium. 175 G. of 
hydroxide (66 g. of oxide) were treated with 440 m!. of 20%, aqueous glycine with slight warming to give 
a faintly turbid solution. The turbidity could be cleared with one or two of hydrochioric acid but 
this addition a ed to alter the structure of crystals obtained from solution. The neutral 
solution crystalline uite wel), giving hexagonal, wurtzite-type crystals, the acidified solution yielded, 
howe ver, well-fc octahedra 

After dissolution of the hydroxides a further 450 m!. of glycine solution were added to ensure complete 
co-ordination. The lanthanons were then fractionally precipitated from the solution at 80-—90° by 
appropriate quantities of 10% aqueous oxalic acid The final fraction was always formed slowly and 
required the addition of a few drops of ammonia solution to initiate precipitation. Individual fractions 
were filtered off, ignited to oxide, redissolved in acid, and their compositions determined, in some cases 
by spectrophotometric means, but in the majority of cases by visual, and spark, wy in com 
parison with standards, and absorptiometrically on the “ Spekker " instrument. results obtained 
are shown in Table I. Table Ia shows data obtained when insufficient complex was formed by the 


Taste I. 
Co-ordination with glycine 


Fraction Ni Sm, Fractional Fraction La a Nd, . Fractional 
° ry 


wts no e 
5 


Taste la 
Partial co-ordination with glycine. 
Pr Nd Sm, Fraction La Pr, 
a oa ao oO no o o 
v a J a e ee 
oO 15 34 38 7 “” 1% 
» 15 3S 13 s 55 5 


employment of excessof hydroxide. The reversal of the series is well shown, the values for samarium 
in the final fraction might be considered anomalous and due to the fact that the solution employed for 
spec trophotometry had a green tinge, possibly due to unknown impurities. On the other hand, it might 
be considered that with the partial removal! of lanthanons from the system by precipitation, the liberated 
glycine sufficed to form complexes with all the residual earths, with the result that partial reversal of the 
fractionation was exhibited towards the tail of the series. Tae separation achie in fully co-ordinated 
solution is reasonably good with respect to samarium and lanthanum, neodymium and praseodymium 
appear to split to a smal) degree but this effect is not noteworthy 
Octahedra from the faintly acid solution crystallise well, and the lanthanum complex was analysed 
Found: La,O, 450; (NH,CH,CO,), 61:1 (NH,CH, CO,), requires La,O,, 45-2; (NH,-CH,€O,) 
15%) 
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Histidine Compleses. —-Prepared similarly to the complexes, those of the t earths, upon 
oxalate fractionation, yielded the results a ag Ah A much heen ay pene aay oe 
jaathanum is obvious and a fair degree of neodymium /praseodymium separation is evident 
Taare Il. 
Co-ordination with histidine. 


: 
1s 
8 
4 


1s 
35 a) 2 

The initia! lanthanon—histidine solution was quite clear (contrast the glycine complex) and yielded flat 
monoclinic crystals (Found : Ln,O,, 28-0 (average atomic weight of alicoes 142); C, 36-1; N, 21-4. 
Cale. for La(C,H,O,N,),: LajO, 276; C, 35-8; N, 20-90%). 

Fractionation of a heavy lanthanon mixture of average atomic weight 115 did not yield very successful 
results. Solution was easily obtained but oxalate fractionation, even when extended to 15 fractions, 
QRre acty © eoniione expesntion the bend Speen of ere Soames Sees Oh, one Se toe ae i22. 

‘:sual spectroscopy showed erbium to be less in the first eight fractions than subsequently. 


Complexes with Other Amino-acids.——Although not employed for separations, co-ordination com- 
pounds of lanthanon with cystine, glutamic acid, and aspartic acid were prepared in solutions contai 
a trace of chloride and crystallised until free from chloride. The compound with cystine 
monoclinic rosettes ‘Found O,, 33-0; S, 190; C, 210; N, Cale. for ee 
La,O,, 32-8; S, 19-0; C, 21-4; N, 83%); that with glutamic acid formed rhombic platelets | ; 
Ln,O,, 466; C, 246; H, 305; N, 5-5. Cale. for Lng(C gH 10, N),: La,O,, 46-2; C, 250; H, 2-9; N, 
585%); and that with aspartic acid, warm‘ { ound La s. rr) C, 21-5; H, 20; N, 60. 
Cale. for La,(C,H,O,N), : Ln,O, 490; C, 21-3; H, 22; N, 62%) 


The author thanks Mrs. |. Wolfendale and Mr. J. Dobs for carrying out several of the analyses, and 
Dr. JK. Marsh for spectrophotometric readings and heipful criticism. 
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422. Studies in Co-ordination Chemistry. Part V. Complexes of 
Bivalent and Tervalent Nickel with a Di(tertiary Arsine). 
By R. S. Nywoi. 


By using the di(tertiary arsine) chelate group, o-phenylenebisdimethylarsine, a series of 
bivalent nickel salts of the general formula [Ni(Diarsine),)X, has been prepared, where 
X = Cl, Br, I, CNS, or CIO, Freee salts, which vary in colour from red to brown, are diamag- 
netic and it 1s concluded that the four nickel-arsenic bonds are covalent and planar. Aerial 
oxidation of the bivalent chloride in the e of hydrochloric acid yields a poumng. 
complex salt containing tervalent nickel. The formula, [NiCi,(Diarsine),)Cl, has been 
confirmed by the preparation of a perchlorate and a platinichionide and by conductimetric, 
potentiometric, and magnetic measurements. The last of these indicate the presence of one 
unpaired electron. The corresponding bromide and thiocyanate complexes of tervalent nickel 
have been prepared and are shown to have properties similar to those of the chloride. The 
_ ofresponding paramagnetic iodide was not obtained but an unusual diamagnetic iodide complex 
ws described. he properties of this new series of tervalent nickel salts are discussed and 

onsideration is given to the bond orbitals used. An octahedra! trisdiarsine complex of bivalent 
mickel of the formula Ni(Diarsine), Cw, Po described 


LiTTLE previous work has been reported on the complexes of nickel with tertiary arsines and 

this investigation was undertaken to obtain information on the stereochemistry and stability 

AsMe, Of nickel complexes of the di(tertiary arsine) chelate group, o-phenylenebisdi- 

f methylarsine (I), with which both bivalent and tervalent iron have been shown 

& to form stable complexes containing covalent bonds (Part III, J., 1950, 851). 

\sMe, This chelate group also forms strong covalent bonds with bivalent palladium 

1) (Chatt and Mann, j., 1939, 1622), quadrivalent tin (Allison and Mann, /., 1949, 

2015), tervalent rhodium (Part IV, /., 1950, 867) and bivalent and tervalent cobalt (Part VI, 
following paper). 

The stereochemistry of bivalent nickel is of spocial interest because octahedral, tetrahedral, 

and square complexes are known, but the element shows a distinct preference for the co-ordin- 

ation number four, rather than six, particularly in its covalent compounds (Nyholm, Quart. 
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Reviews, 1949, 3, 321). The factors which determine whether the configuration of a four- 
covalent complex will be tetrahedra! or planar are imperfectly understood, but the importance 
of the electronegativity of the attached groups has been established. It was shown by Mellor 
and Craig (J. Proc. Rey. Soc. N.S.W., 1941, 74, 475; see also Mellor, Chem. Reviews, 1943, 33, 
137) that the tendency to form tetrahedral complexes increases as the electronegativity of the 
attached atoms increases. Using the magnetic criterion of bond type, these workers found 
that when four oxygen atoms were attached to the nickel atom the complexes were always 
tetrahedral but the presence of the less electronegative nitrogen or sulphur atom tended to give 
@ square arrangement; they considered, however, that steric factors were also important 
Table I shows how the magnetic moment may be used to distinguish between the square 
arrangement (using dsp* bonds) and the tetrahedral configuration. Magnetic data do not give 
the type of bond in a tetrahedral complex since both ionic and tetrahedral sp* covalent bonds 
lead to the presence of two unpaired electrons 

The powerful chelate group used here co-ordinates much more strongly with bivalent nickel 
than do trialkylarsines. Jensen (Z. anorg. Chem., 19367229, 265) has shown that triethylarsine 
does not form very stable compounds with bivalent nickel. He isolated the compound di- 
iodobistriethylarsinenickel(I1), Nil, 2AsEt,, but this substance decomposed readily in benzene 
solution; the corresponding chloride and bromide dissociated in alcohol too extensively to 
permit of their isolation By using the similar trialkylphosphines, Jensen (loc. cit.) obtained 
more stable compounds which had the genera! formula NiX,,2PR,, where R = alkyl and X = Cl, 
Br, lor NO,. With the exception of the nitrate, which was green and had a dipole moment 
of 8°85 D., all of these compounds were red to brown and in benzene solution their dipole moments 
were zero. Jensen concluded that all of these compounds had a frans-planar configuration, 
except the nitrate which he considered was either cis-planar or tetrahedral. Asmussen 
("" Magnetokemiske Undersegelser over Uorganiske Kompleksforbindelser,’’ Copenhagen, 1944, 
p. 221) has reported that the magnetic moment of this compound is 3:05 B.M. which indicates 
the tetrahedral configuration (iii in Table I) 

In their investigation of the complexes of bivalent palladium with this chelate group, Chatt 
and Mann (/oc. cit.) isolated the salt-like complexes [Pd(Diarsine),) | PdCl,) and [Pd(Diarsine),)Cl,, 
and the non-ionic complex ‘PdCl,(Diarsine)) (cf. 11). Attempts to prepare the nickel analogue 
(II) of this non-ionic complex have been unsuccessful. The stereochemistry of compounds of 
this type with different halogens would be of great interest 


Taste I 
Calculated magnetic moments for nickel complexe 
Calculated 
Electron arrangement magnetic 
A moment 
Complex / p (BM 
Nickelouws covalent oo 
£p* bonds 
Nickelous toni xtahedral or “TYGT ’ ' 2.83 
tetrahedra! 
Nickelous covalent tetrahedral | 2-83 
‘iad bonds 


Nickelous covalent octahedral 
f*sp* bonds 
Nickelic covalent planar (dsp* 
bonds 


Nickelic covalent octahedral 
d*6* bonds 


Nickel covalent *juare pyr 
amid (dep® bonds 


When a solution of nickel! chloride in alcohol was treated with the diarsine a deep blood-red 
colour developed instantly and the compound isolated had the formula [Ni(Diarsine),)Cl, 
This substance, which is diamagnetic, is soluble in water to give a red solution, which is partly 
hydrolysed as shown by the development of the odour of the diarsine. Addition of perchlory 
acid to the aqueous solution gives the insoluble perchlorate The compound is formulated as 
(III), being di-(o-phenylenebisdimethylarsine)nickel(IT) chloride. The corresponding bromide 
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iodide, and thiocyanate were prepared and all these salts are diamagnetic. Their properties 
are summarised in Table II. The diamagnetism indicates the use of dsp* bonds from the nickel 
atom and hence it is concluded that the four nickel-arsenic bonds are coplanar 


Taste Il 
Physwal properties of bivalent and tervalent michel complexes 
[A = o-Phenylenebis(dimethylarsine) 
Compounds of bivalent nickel Compounds of tervalent nickel! 
Complex } Complex Colour 
[Niu ACh, UNICLA, C) Yellow 
INIA, Br, NiBr,A, Br Orange 
INiAQ | (CNS), Reddish-brown : NC As! eA, CNS Orange-brown 
{NiA,)(CIO,), Buft-pink NICLA, tit ys Yellow 
(NIA, I, Dark brown 
Nil, A, Black 


In attempts to prepare the compound (II), the nickel complex (I11) was refluxed in alcoholic 
solution with excess of nickel chloride and hydrochloric acid. Chatt and Mann (loc. cif.) used 
this method to convert di-(o-phenylenebisdimethylarsine)palladous chloride (cf. III) into the 
non-ionic compound dichloro-(o-phenylenebisdimethylarsine) palladium (cf. Il). In our work 
with nickel no precautions were taken initially to exclude air and it was found that oxidation 
took place with the formation of the first of a series of tervalent nickel salts. These have been 
investigated in some detail. As yet, attempts to obtain the compound (II) have been un 
successful, even when precautions were taken to exclude air to prevent oxidation. Apparently 
such a compound is less stable than the bis(diarsine) salt, in which case the failure to isolate it 
under the conditions used can be understood 

When an alcoholic solution of the bivalent nickel chloride salt containing hydrochloric acid 
was heated under reflux in the presence of air a change in colour from deep red to a brownish- 
red occurred during a few hours and brown crystals were formed. When finely divided, this 
substance was brownish-yellow in colour, The compound had the empirical formula 
NiCl,(Diarsine), and it seemed likely that oxidation of the nickel to the tervalent state had 
occurred ; the possibilities that the extra atom of chlorine was present as a molecule of hydro- 
chloric acid or that partial oxidation of the diarsine had occurred were kept in mind, but the 
properties of the compound were incompatible therewith. The yellowish-brown compound 
was also produced in a less pure form by passing chlorine into an aqueous solution of the bivalent 
salt (Ni(Diarsine),)Cl,; the red solution immediately became yellow when treated with chlorine, 
and the compound was precipitated. However, the compound NiCl,(Diarsine), itself reacts 
with chlorine to give a product containing more than three chlorine atoms, as will be discussed 
later, and hence this was not a convenient method for the preparation of the tervalent complex 

The compound dissolved readily in alcohol and was moderately soluble in water to give a 
green solution from which it was immediately reprecipitated by hydrochloric acid. This was 
taken to indicate that part, at least, of the chlorine was ionised. The aqueous solution was 
at first neutral to litmus. When kept for many hours the aqueous solution became orange 
and the odour of the diarsine developed; this hydrolysis was prevented by the addition of 
hydrochloric acid. The initial neutrality seemed to exclude the presence of hydrochloric acid 
in the molecule and it was observed that the diarsine does not react with hydrochloric acid by 
itself. The molecular conductivity of the aqueous solution at a dilution of 1024 litres was 
initially 120 mho; this figure gradually increased owing to hydrolysis but indicated the formation 
initially of two ions from each molecule of NiCl,(Diarsine), It thus seemed probable that the 
compound should be formulated as [NiCl,(Diarsine),)Cl, (see Fig. 1), in which the tervalent 
nickel atom is octahedral. This formulation as dichlorodi-(o-phenylenebisdimethy arsine) - 
nickel(III) monochloride has been confirmed by other physical and chemical investigations to 
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be described. In Fig. 1 the two chlorine atoms in the cation are shown as fans; this is 
probably correct, but without an X-ray crystallographic examination it must remain speculative. 


Fie. | 
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As| 
| 1, 
| 
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Dark - brown, w-0 Buff - pink, gc- 
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Reddish- brown, pt -O Brownish- red, «0 Dark - brown, +0 


Air 
S02 + 


Orange-brown, 2 «1-95. Brownish-yellow, u=1-89. Orange, 4-196 


Ni (Diarsine),!, 
Black =O 


Yellow, w«194 Yellow 


Treatment of the green solution of the complex in water with sulphur dioxide gave a red 
colour which suggested reduction to the bivalent nickel salt [Ni(Diarsine),)Cl, This was 
confirmed by the isolation of the buff-pink perchlorate of the bivalent complex, [Ni(Di- 
arsine), )[C1O,),, which was identified by analysis and magnetic moment. This compound was 
also prepared by starting from a pure specimen of the bivalent nickel chloride complex and the 
two compounds are identical, When a solution of the tervalent complex was treated with 
perchloric acid a yellow precipitate of dichlorodi-(o-phenylenebisdimethylarsine)nickel(I1]) 
perchlorate, [NiCl,(Diarsine),)CIO,, was obtained. This compound is quite distinct from the 
perchlorate of the bivalent complex; whereas the compound [Ni(Diarsine),)(ClO,), gave no 
precipitate on being heated with silver nitrate and nitric acid, the perchlorate of the tervalent, 
complex soon lost the chlorine from the cation as silver chloride when similarly treated. Under 
these conditions the perchlorate ion does not react with silver nitrate. The platinichloride of 
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the tervalent nickel complex was also prepared and has the formula [NiCl,(Diarsine),),/PtCl,) 
as required. 

Potentiometric titration of the bivalent complex with ceric sulphate gives conclusive 
evidence that the oxidation involves a one-electron change per nickel atom. Fig. 2 shows the 
curve obtained by titrating a solution of di-(o-phenyienebisdimethylarsine)nickel(IT) chloride 
with ceric sulphate at 0°, in the presence of a little hydrochloric acid. The chioride-ion con- 
centration was kept low to prevent precipitation of the tervalent complex by the common-ion 
effect. Also, the titration was carried out at 0° to minimise hydrolysis since this produced 
the diarsine which is a reducing agent. Permanganate and dichromate gave high results, 
probably to greater simultaneous oxidation of the diarsine. From the curve it can be 
seen that there is a sudden increase in the oxidation potential at the calculated end-point. It 


Fis. 2 
Potentiometric titration of (Ni(Diarsine),)Cl, with corse sulphate; Pt electrode 
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is possible to determine approximately the standard oxidation-reduction potential for the 
reaction 
(Ni(Diarsine),)** 4+ 2CI- —~¢ ——> [NiCI,(Diarsine),)* 


from the figures obtained in this titration. The oxidation potential is given by the expression, 


Eo + ___ gf ramtangy* 

F 4: wx rracemns?* X eg 
and hence the standard-oxidation reduction potential (F,) is observed when all activities are 
unity. The activities of the oxidant and reductant are approximately equal when the bivalent 
nickel salt is 50% oxidised, but, as the activity of the chloride ion still affects the potential, it 
is possible to give E, to the nearest 01 v. only. By use of the above equation, wade peo 


4e + O, + 4H* —» 2H,0 is +123 v. The relative ease with which it occurs is unusual ; 
the aerial oxidation of ferrous chloride in cold aqueous solution, for example, takes place only very 
slowly although E, for the system Fe** /Fe*** is +077 v. The conditions used in the present 
work are, however, much more favourable for oxidation ; the solution is boiling and the substance 
formed by oxidation is less soluble. The alcohol also has an effect on the equilibrium and in any 
case the kinetics of the process may be quite different from those involved in the oxidation of 
ferrous chloride. The red solution became greenish-yellow at the end-point and further 
addition of ceric sulphate produced a green precipitate. A similar green compound is obtained 
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by the action of chlorine on an aqueous solution of the tervalent nickel complex salt and is 
possibly a derivative of quadrivalent nickel. This subject will be considered further in a later 
communication 

The result of a potentiometric titration using silver nitrate as titrant and a silver electrode 
as indicator is shown in Fig 3. It was apparent from earlier experiments that the two chlorine 
atoms in the cation were not as strongly bound as in the similar tervalent rhodium salts 
(Part IV, J., 1950, 857) or in the tervalent cobalt complex (Part VI, following paper), but by 
carrying out the titration in the presence of a large amount of alcohol it was possible to 
demonstrate that one of the three chlorine atoms reacted more readily than the other two. 
In Fig. 3 there is a definite inflexion in the curve after one equivalent of silver nitrate has been 
added, but on further addition of silver nitrate the other two chlorine atoms slowly react also. 


Fic. 3 
Potentiometric titration of (| NiCi,(Diarsine),)Cl with AgNO,; silver electrode 
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The magnetic susceptibility supports the valency of three assigned to the nickel atom 
The compounds [ NiCl,(Diarsine),)Cl and [NiC],(Diarsine),)ClO, are paramagnetic with magnetic 
moments of 1°89 and 1°04 B.M., respectively. This may be taken to indicate the presence of 
one unpaired electron since experimental magnetic moments are usually a little in excess of the 
calculated value of 1:73 B.M. Oxidation of nickel to the tervalent state necessarily leaves it 
with an odd number of electrons and since a moment corresponding to one unpaired electron 
was observed it seems that only one of the electron pairs in the 3d shell has been uncoupled 
(see Table I). It must be pointed out that the magnetic moment does not indicate definitely 
which orbitals are used by the metal atom, but it does support a valency of three for the nickel. 
The orbitals used by the metal atom will be considered later 

Two other tervalent nickel complexes have been prepared from the chloride [NiCl,(Di- 
arsine),/\C] When an aqueous solution of this compound was treated with sodium bromide, 
the orange complex salt dibromodi-(o-phenylenebisdimethylarsine)nickel(III) bromide was 
precipitated. This compound was also obtained, but less pure, by oxidising the bivalent 
bromide complex with bromine in alcohol. The compound was less soluble than the chloride 
in both water and alcohol; a suspension of it in aqueous alcohol was reduced by sulphur 
dioxide to the brown bivalent complex. The magnetic moment (1°96 B.M.) again showed the 
presence of one unpaired electron. The tervalent nickel thiocyanate was prepared similarly 
by the action of ammonium thiocyanate on an aqueous solution of the chloride and the com- 
pound dithiocyanatodi-(o-phenylenebisdimethylarsine)nickel(III) thiocyanate was precipitated 
as an orange-brown powder, The magnetic moment of this compound (1°95 B.M.) was similar 
to that of the chloride and bromide. This thiocyanato-complex began to decompose in a few 
days, but the tervalent nickel chloride and bromide were stable indefinitely. As shown in 
Table II, the tervalent nickel complexes were all paler than the corresponding bivalent planar 
compounds 

The reaction of the tervalent mickel chloride complex with sodium iodide takes quite a 
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different course from that of the bromide or thiocyanate, and a black compound of the empirical 
formula Nil,(Diarsine), was obtained. The very deep colour of this compound, compared with 
that of the bivalent iodide complex, suggested a different type of reaction and this was con- 
firmed by the magnetic moment. Unlike the chloride, bromide, and thiocyanate of similar 
empirical formula, the compound was diamagnetic and it seemed possible that reduction to 
the bivalent state had occurred; such a reaction is to be expected from the oxidation—reduction 
potentials of the reactants. Since the oxidation potential of the couple [NiCl,(Diarsine),)* 
[Ni(Diarsine),)** (ca. + 0-7 v.) is higher than that of the couple I,-I~ (+053 v.), oxidation 
of the iodide ion to iodine is expected with reduction of the nickel to the planar bivalent state, 
unless solubilities affect the equilibrium. Unless suitably stabilised, the iodides of metals in 
higher valency states are unstable; for example it was shown in Part ILI (/., 1950, 851) that 
the iodide (Fel,(Diarsine),)I, which is formed momentarily by the action of iodide ions on the 
ferric chloride complex, undergoes spontaneous oxidation-reduction to give the non-ionic 
octahedral ferrous complex [Fel,(Diarsine),). For this nickel complex, however, the reaction 
is not as simple, for no iodine is left in solution and its mode of attachment to the complex is 
doubtful. The diamagnetism seems to exclude the idea that the iodine is used to oxidise part 
of the diarsine, for it appears that the essential dsp* bonds from the four arsenic atoms to the 
metal are unaffected. The iodine could be present as I,~ ions, but there is also the possibility 
that the compound is a polynuclear complex in which the polymerisation causes the diamag- 
netism. The deep colour lends some support to the latter suggestion, but these formulations 
remain at present speculative 

The stability of these tervalent nickel complexes is noteworthy. No value is available 
for the free energy of formation of a Ni*** ion, but by comparison with cobalt, the oxidation 
potential of the couple Ni***—Ni** must be near +20v. At least it is known that the higher 
oxide of formula NiO, or Ni,O, liberates oxygen when treated with acid, and this indicates an 
oxidation potential near +20 v. (Latimer, “ Oxidation Potentials,’ Prentice Hall, N.Y., 
1938, p. 190).* As the oxidation potential of the complex is only ca. +.0°7 v., this decrease from 
+20 v. is a striking indication of the preferential stabilisation of the tervalent state. A 
qualitative demonstration of this is given by the behaviour of both complexes with water; 
the bivalent complex dissolves to a red solution which has a very pronounced odour of the 
di(tertiary arsine), which is produced by partial hydrolysis. Whereas, on the other hand, the 
green solution of the tervalent complex has initially no trace of an odour of the diarsine; after 
some hours the diarsine can be detected, but only because the hydroxy-complex formed by 
hydrolysis of the chloride decomposes. This decomposition is prevented by the addition of 
hydrochloric acid. Treatment of an aqueous solution of the bivalent complex with alcoholic 
dimethylglyoxime gave no precipitate until dilute aqueous ammonia was added to the solution, 
whereupon the usual red precipitate of bisdimethylglyoximenickel(I1) was obtained. The terva- 
lent complex, when similarly treated, gave no red precipitate initially but the solution developed 
a dark purple-red colour which may be due to a tervalent nickel complex with dimethylglyoxime 
Jensen (private communication) has obtained such a complex by bromine oxidation of the 
bivalent complex. These experiments show that an aqueous solution of the compound 
'NiCl,(Diarsine),)Cl contains no bivalent nickel ion 

These nickel salts are the first examples of stabilised tervalent nickel complexes in which 
the metal atom is apparently octahedral. Jensen (Acta Chem. Scand., 1949, 8, 474) has recently 
investigated a relatively unstable non-ionic five-covalent complex of tervalent nickel which is 
formed when dibromo-trans-bistriethylphosphinenickel is oxidised with bromine. The com- 
pound has the formula NiBr,,2PEt, and is monomeric in freezing benzene. The dipole moment 
in benzene is 2°3 p., which, together with the magnetic moment of 1°71 B.M., enabled 
Jensen to conclude that the complex has a square pyramidal structure. Daudel and Bucher 
(J. Chim. physique, 1945, 42, 6) predicted that this shape would arise from the use of dsp* bonds 
by the metal atom, provided that the d orbital had a lower principal quantum number than 
the s and the / orbitals (see vii, Table I). Unlike the compounds described here, Jensen's 
complex decomposed within a few hours and thus an X-ray examination of its structure was 
not possible 

The compound tris-(o-phenylenebisdimethylarsine)nickel(II) perchlorate was obtained in 
smal] yield from the mother-liquors of the preparation of the tervalent chloride complex. The 
solution was stil] brownish-red after aerial oxidation for several weeks, and the addition of 

* By using the value +059 v. for the Ni/Ni*** couple (estimated by Pauling, “ V. Henri Memoria! 


Volume,” Liege, 1948, p. 7) and the value — 0-25 v. for the Ni/Ni** (Latimer, loc. ot.) we obtain +1-77v 
for the Ni**/Ni*** couple 
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perchloric acid gave the required compound as a red precipitate 

in some ways: unlike the corresponding tris-o-ph 

complexes, for which » — 2°8 B.M. (Asmussen, op. cit, p. 212), this substance is 

Also, chlorine and ceric sulphate, but not air, oxidise this substance to an unstable green com- 
pound. The properties of this bivalent nickel complex and its oxidation product are being 
investigated further 

The orbitals used in these nickelous and nickelic complexes are of considerable interest. 
The diamagnetic four-covalent complexes obviously use dsp* bonds and are hence square, but 
the tervalent complexes are not so straightforward as it is not easy to decide which orbital is 
occupied by the unpaired electron. This unpaired electron could be in the 3d shell, in which 
case the use of d*sp* bonding orbitais is not permissible (see vii, Table I), or it could be promoted 
to some level above 4p, thereby enabling the metal atom to use the d*sp* bond orbitals (vi, 
Table I) 

With regard to the former possibility, it is conceivable that the first step in the oxidation 
of the square complex is the unpairing of the fourth 34 electron pair, it being assumed that the 
four 3d4s4p* bonds are unatiected. The unpaired electron so obtained would then form a 
bond in the remaining 4p orbital, giving five dsp* bonds (see vii, Table I); then would follow 
immediately the accession to the cation of another chloride ion, to be held by an essentially 
ionic bond, giving a co-ordination number of six. Actually, the two chlorine atoms would 
probably be trans and some form of resonance between the two chlorine atoms would occur 
This attainment of a co-ordination number of six is in keeping with the tendency of metals to 
reach the four- or six-covalent state when possible; this was not possible with Jensen's com- 
pound NiBr,, 2PEt, because the oxidation was carned out under anhydrous conditions where no 
anions were available to enter the co-ordination sphere. This method of formulation would 
explain the ease with which the two chlorine atoms in the cation reacted with silver nitrate. 

The other possibility is that d*sf* covalent bond orbitals are used with the promotion of 
the unpaired electron to the 4d shell (probably), as shown in vi, Table I. Some support is 
provided for this idea by preliminary experiments which suggest that this electron may be 
removed by oxidation, to give a quadrivalent nickel complex as would be expected. It must be 
emphasised however, that it is not yet possible to decide between these two hypotheses 

Fig. 1 summarises the relations between these nickel complexes; im each case the formula 
for the di(tertiary arsine) has been abbreviated to show only the two arsenic atoms 





EXPERIMENTAL. 


Di-(o- phony lenabisdimethylarsine)nichel(ll) Chloride.—Nickel chloride hexahydrate (1.5 g.) was 
dissolved in hot alcohol (30 mil.) and treated with ophenylenebisdimethylarsine (2 g.) in alcohol 
(20 ml.). The blood-red solution which formed was heated on the water-bath for a few seconds and 
most of the alcohol then distilled off under reduced pressure at room temperature until the volume was 
about 10 ml. Brownish-red had nm to separate, and, after cooling in ice water, the mixture 
was filtered and the compiles (1-5 g.) many times with small quantities of alcohol, in which it 
was fairly soluble The substance was then dried in a vacuum-desiccator and kept dry (Found: C, 
342, H. 49; ClL10-2. CyHyCl.As,Ni requires C, 34-3; H, 4-6; Cl, 10-19%). Magnetic susceptibility : 
powder form, at 28°, y «~ —0-50 « 10°, whence » « 0. The complex dissolved readily in water to 
give a red solution which had a strong odour of the diarsine. It was insoluble in non-hydroxylic solvents 
such as benzene. An aqueous or alcoholic solution reacted instantly with silver nitrate, all of the 
chloride ion being precipitated 


Di-(o-phenylenebisdimethylarsine)michel(l1) Bromide —Nickel chloride hexahydrate (1:3 g.) and 
sodium bromide (2-5 g.) were dissolved, by heating, in alcohol (40 ml.) containing distilled water 
(20 ml.) and the solution was filtered and treated with o-phenylenebisdimethylarsine (2-8 g.) in alcohol 
(30 mi.). The solution immediately developed a dark red colour and, after the solution had been 
warmed and shaken for a few seconds, beautiful, sparkling, brown plates crystallised. The solution 
was heated on the water-bath for a few minutes and then filtered, and the compound was well washed 
with alcohol in which it was htly soluble to give a pink solution. The complex (3-4 g.) was finally 
dried in a vacuum-<desiccator (Found: C, 31-1; H, 4 Br, 200. C,H,,Br,As,Ni requires C, 30-3; 
H. 40, Br, 202%). Magnetic susceptibility ywder form, at 20°, y 0-46 = 10°, whence p = 0 
The compound was much less soluble than the chloride in both water and alcohol, and was insoluble in 
solvents such as benzene. Treatment of an alcoholic solution with silver nitrate caused precipitation 
of all the bromide jon 


Di-(o- phen vlenebisdamethylarvine)michel(11) Thsocyanate.—Nickel chloride hexahydrate (0-22 g.) 
was dissolved in hot alcohol (30 mi.), and ammonium thiocyanate (2-0 g.) in distilled water (5 mi.) 
added. The hot solution was filtered and added to o-phenylenebisdimethylarsine (0-6 g.) in alcohol 
20 ml.). The brownish-violet solution immediately became red, and dark brown crystals were pre- 
cipitated. These were filtered off (0-55 g.) and well washed with alcohol, in which the thiocyanate 
dissolved slightly to give a pinkish-violet solution (Found C, 35-6; H, 4:35: N,3-9; S, 84; Ni, #1 
Coliggh S,Aa,Ni requires C, 35-4, H. 43: N38: S86. Ni 79%). The compound was insoluble 
in water, but an alcoholic solution reacted immediately with silver nitrate to give a white precipitate 
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Ds- (o-phenylenebisdimethylarsineymichel(11) Perchlovrate——The bivalent nickel chloride complex 
oe as above) (0-2 g.) was dissolved in distilled water (10 ml.), to give a red solution, an excess of 
rchioric acid was added immediately and the solution then diluted with distilled water (40 ml.). 
-pink precipitate formed at once, “The precipitated forcAlorte which 1s characteristic of a solution 
ot the fabeclan clmaten es oS SS Ses aay Se 
with distilled water, in it was ineched nd dried in a erg Ew! x 
quantitative yield of over 0-2 ne mano | (round C, 20-3; H, 40; Ni, 7-2 CollegbiClaA, 
requires C, 29-0; H, 3-9; Ni, 7-1 
Drchlorodi- lo phenplemebiadamathy arse) mchel 1 Chloride.—Nickel chioride hexahydrate (1-6 g.) 
was dissolved in al (60 ml.) containing 10n-hydrochioric acid (7 ml.), and a solution of ophenyl- 
thylarsine (2-9 g.) im alcohol (30 ml.) was added. The blood-red solution was then refluxed, 
filtered air being allowed access to to the surface of the solution. After about 2 hours brown crystals 
formed on the surface of the flask, but refluxing was continued for about 2 days. The solution was 
then cooled and filtered, and the compound washed many times with dilute hydrochloric acid and 
finally with alcohol. The washings were at first red and finally yeilouteh queen to a 
little of the complex dissoivi “4 g.) was then dried in a vacuum-desiccator (Found : 
C, 32-6; H, 46; Cl, l4@4; Ni, Ni requires C, 32-6; H, 43; Cl, 145; Ni, 80%) 
An aqueous solution of the complex was green, but when kept it became orange after a few days, and 
during this time the odour of the diarsine developed in the solution. Addition of hydrochloric acid to 
an aqueous solution of the compound gave a yellow precipitate immediately, and this was a convenient 
method of purification. The substance is brown in the form of crystals, but when powdered has a 
yellowish-brown colour. It was quite insoluble in benzene or chloroform, but dissolved readily in 
alcohol 


The following results were obtained in determinations of the magnetic susceptibility of the powder 
form of four separately prepared specimens - 





xm x 10° xm + Diamagnetic Magretic moment, 
correction (452). » (BB. ~ ) 


Mean magnetic moment 89 BM 


Dichlorods-(o- phenylenebisdimethylarsine)nichel(111) Platimichioride-—A solution of the tervalent 
nicke! monochloride complex [NiCl,(diarsine),)C) lo-25 g-) in alcohol (50 mi.) was filtered, and an excess 
of a 10% aqueous solution of chloroplatinic acid added. A yellow precipitate of the platimichloride was 
formed immediately and, after coagulation by warming, this was filtered off and washed many times 
with distilled water and dried in a vacuum-desiccator (0-26 g.) (Found: C, 265, H, 37; Ni, 66; Pt, 
10-6; Cl, 19-2 Cog oC eAs NigPt tag py C, 26-6; H, 36; Ni, 65; Pt, 10-66; Cl, 196%). In- 
sufficient of the material was availa determination of the magnetic moment 
Dichlorodi-(o-phenylenebisdimethylarsine)michel(111) Perchlovate——The tervalent nickel mono- 
chloride complex, (NiCl,(Diarsine), Cl (0-7 g.), was moistened with alcohol and dissolved quickly in 
warm distilled water ( ml.). solution was filtered and the filtrate treated immediately with 
excess of a 30% solution of perchloric acid, with vigorous stirring. A yellow precipitate was obtained 
which settled after afew minutes. It was then filtered off and washed thoroughly with cold distilled water, 
in which it was practically insoluble. The iden (0-7 g.) was then dried in a vacuum desiccator and 
then had a brownish-yellow colour with a sheen (Found: C, 200; H, 36; Cl, 13-1; Ni, 7-5. 
Coot yO ,Cl,As,Ni requires C, 20-96; H, 4 13-3; Ni. 7-3%). Magnetic suse aly. powts + tooo 
<4 x =~ 148 x 10", xu = 1180 x io correction for diamagnetism — 4 


henylenebdisdimethylarsine)michel(111) Bromide -—The tervalent nickel monochioride 
me) IC {tt 6). was dissolved in warm water (300 mi.) as qu 
anol belts decd imaletonel th alcohol, and the solution Siltered. The Giltrate was 
with & solution of sodiem bromide (8 g.) in distilled water (3 aul.), with constant stirring 
yellow precipitate appeared at once and, after a few minutes’ sti , this coagulated to 
brown, crystalline powder. This bromide (1-3 g.) was filtered off, washed many times wi 
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water, in which it was only slightly soluble, and dried in a vacuum-desiccator (Found. C, 27-6; 
“oe Br, 27-6, Ni, 69 Cathar yAnNi requires C 276; H,37; Br, 27-6; Ni, 6 «9 

eptibulit powder form at 17 YY, 33 x 10, xu = 1160 « 10, ‘correction for diamag- 
= iets whence » = 1-06 M. The compound could be recrystallised from a large 
volume of alcohol containing a little hydrobromic acid. It was less soluble than the chloride in both 
water and alcohol, SS SE Se eee oe CORNED Gale ETE. 


Dithiocy phenyl. dumethyiarssme) michel (IIT) pe ns a pe —-The tervalent nickel 
chioride complex, ( mn tich¢(Diarsne Cl (1-0 g.), was moistened with Sees ak Cleese See jagged: 
distilled water (30 mi.). The solution was stirred vigorously and ammonium thiocyanate (3 

orange-brown precipitate then formed at once. The solution was set aside for about | aoe 

after which the thiocyanate aad aes oe It (1-1 g.) was filtered off, well 

water, in which it was — ——_. and dried in a vacuum-desiccator 

: i N, #8; 5, 11-3; Ni, 7 s,Ni requires C, 343; H, 40; N, 

62; S, 11-0; Ni, 73%). The compound Geatiesd tno ohol to an orange solution which 

reacted immediately with silver nitrate to give a white precipitate in a green solution. The solubility 

of this tervaient nickel complex in alcoho! was greater than that of the bivalent complex. The compound 

had to be analysed and the magnetic moment determined as soon as it was prepared, for after a few days 

decomposition was apparent, the odour of organic sulphur com a being detected. Magnetic 

susceptibility : powder form at 14°: y ~ 1-45 * 10°%, yy = 1170 x 10°, correction for diamagnetism = 
400 « 10°*, whence » =~ 1-95 BM. 


Di-(o-phenylenedidimethylarsine)michel Tri-iodide—-The tervalent nickel chloride oa. 
(NiCl,(Diarsine),)C! (1-4 g.), was dissolved in distilled water (350 ml.) as quickly as ble b 
warming, and the solution filtered and treated at once with sodium iodide (5 g.) in disti water A may )- 
The green solution first became brown and then a black precipitate was formed. The latter was allowed 
to coagulate for a few minutes, then filtered off, and wasted Gene times with distilled water until the 
washings one only a faint pink colour. The complex (1-7 g.) was dried in a vacuum-desiccator 
(Found 23-7, H, 3-4; 37-9; Ni, 59. C.H,1,As,Ni requires C, 23-7; H, 3-2; 1, 37-6; Ni, 
6-8%) Althoust insoluble in cold water or alcohol, "the substance was slightly soluble in hot aqueous 
alcohol to a pink solution. Magnetic susceptibility : powder form at 22°: y = —0-46 x 10°*, whence 
ete 

Tris-(o-phenylenebisdimethylarsine)michel(I1) Perchlorate-—This compound was obtained in a 
slightly impure form trom the mother-liquors of the preparation of the tervalent nickel chloride complex. 
The red residues from several preparations of the compound [NiCl,(Diarsine),)Ci were treated with 
filtered air for about 3 weeks, a little extra hydrochloric acid being added to the solution. After this 
time the solution was still reddish-brown and a little more of the tervalent complex had crystallised out. 
The solution was then filtered, diluted to about 70 ml. with distilled water, and treated with excess of 
30% perchloric acid. A reddish precipitate was obtained which was filtered off and well washed with 
distilled water, in which it was only very slightly soluble to give a pink solution. The filtrate was 
initially green owing to the excess nickel chloride present. The perchlorate was then dried in a vacuum- 
desice mn, the colour « rah from | to brown, possibly owing to the loss of water of cry te. err 
(Found , 33-3; H, 42 70 5-55. CaH,,0,Cl, As,Ni requires C, 32-3; H, 43; Cl, 
Ni, 5 25%) The compound was salable in warm water to give a red solution, but was inaotuble in 
other solvents. It gave only a slight precipitate omnepenss to about 0-2—0-3%, of chlorine) with 
silver nitrate and nitric acid after prolonged heating, showing that a trace of [NiCl,/Diarsine),)CIO, 
srobably was present. The perchlorate ion does not react with silver nitrate under the above conditions 

agnetic susceptibility; powder form at 21-5": y O38 « 10°, whence »p = 0 





Potentiometric Titrations.—-Oxidation-veduction. The red bivalent complex —“Ni(Diarsine), 
(0-0451 g.) was dissolved in ice-cold distilled water (50 ml.), 10~-hydrochloric acid (0-2 ml.) added, od 
the solution stirred vigorously in a 250-ml. vessel immersed in ice-water. A bright platinum electrode 
was placed in the solution which was connected to a silver-silver chloride-saturated potassium chloride 
electrade through a potassium chloride agar bridge. Ceric sulphate (0-01774m.) was run in immediately, 
the minimum time elapsing between dissolution of the compound and the titration. The result of the 
titration is shown in Fig. 2 


Chloride ton The tervalent nickel chloride complex (0-1565 g.), was dissolved in absolute alcohol 
(70 ml.) ame®distilled water (30 m).), and n-nitric acid (10 ml.) added just before titration. The solution 
was stirred vigorously in a 250-m1. vessel. A silver—siver chloride electrode was inserted and the solution 
connected to a silver-silver chlorije-saturated potassium chloride reference electrode through an 
ammonium nitrate agar bridge The temperature throughout was 20 The solution was then titrated 
with silver nitrate solution (0-104n.) from a microburette. The results are shown in Fig. 3. It was 
necessary to use a high concentration of alcohol in the solvent for this titration, otherwise after the 
addition of | equivalent of silver nitrate no inflexion was observed 


Molecular Conductivity of Tervalent Nickel Chloride Complex. —-Measurements were carried out in a 
ee type cell of volume about 15 ml. and cell constant 0-0508 cm.*; the conductivity water used 
sad a specific conductance of 13 x 10° mho/cm.* at 25 The tervalent nickel chloride complex 
NiCl,(Diarsine),)Cl (0-0720 g.) was well dried and finely powdered to hasten dissolution, and di ved 
quickly in about 50 ml. of warm conductivity water and the solution adjusted to 100 ml. at 25°. This 
gave a solution containing one g.-mol. per 10241 The cell was then filled and the conductivity measured 
at 25° in a thermostat Three lots of the solution were used, and the results showed that the con- 
ductivity increased a little more rapidly with time when the solution was in the cell than when kept in 
a flask in the thermostat; a slight catalytic effect of the platinum may be responsible, but in any case 
the differences were smal! and may not be significant. Hy extrapolation to zero time it is concluded that 
the initial molecular conductivity of the ™_ 1024-solution was 120 mho, and hence it follows that the 
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complex forms two ions in solution. The solution gradually lost the green colour, frst yellow. 
then finally orange-red, and the odour of the diarsine was observed after this decomposition occurred 
The following figures show how the molecular conductivity increased with time 


Molecular Molecular 
Solution Time conductivity, . conductivity, 
(mins.) mho mho. 


120 (estim.) 
126 
127 
135 


136 
139 
143 
137 
105 142 


149 (estim.) 
187 


Reduction of the Tervalent Nickel Chloride Complex —The monochloride [NiCi,(Diarsine),)C! (0-3 g.) 
was dissolved in distilled water (125 mi.) and filtered at once. Sulphur dioxide was passed into de 
green solution. Within a minute the solution became orange; finally it was red. After five minutes 
(to ensure that reduction was complete), excess of a 60% solution of perchloric acid was added and a 
buff-pink precipitate of the bivalent perchlorate [Ni(Diarsine),)(CIO,), was obtained. This was filtered 
off and well washed with distilled water and identified by analysis (Found : C, 29-3; H, 3-8; Ni, 7-1) 
Calc. for C,H,,O,Cl,As,Ni: C, 20-0; H, 3-0; Ni, 7-1%). The compound was diamagnetic as required 
for a planar four-covalent complex of bivalent nickel 

Analysis.—Halogen was determined by heating about 0-1-—0-2 g. of the compound with 20 mil. of 
0-05n-silver nitrate in the presence of about 10 ml. of 15~-nitric acid on the water-bath until decom- 
position was complete excess of silver nitrate was then determined with standard ammonium 
thiocyanate solution. Total halogen in perchlorates was determined by the Carius method 

Nickel was determined by dimethylglyoxime after oxidation of organic matter and removal of the 
arsenic. About 0-2 g. of the compound was folded in a small filter paper and digested in a Kjeldah! 
flask with potassium sulphate (5 g.) and concentrated sulphuric acid (10 ml.). When the solution had 
become clear, distilled water (150 ml.) was added and the arsenic precipitated with hydrogen sulphide 
The arsenious sulphide was then filtered off and the excess of hydrogen sulphide removed by boiling 
The nickel was then precipitated with dimethyiglyoxime in the usual manner and weighed 


Microanalyses for carbon, hydrogen, nitrogen, and sulphur were carried out by Messrs. Weiler and 
Strauss, Oxford 


The author acknowledges much helpful criticism from Dr. D. P. Craig, and continual encouragement 
from Professor C. K. Ingold, F.R.S e also thanks the University of London for an Imperial Chemical 
Industries Fellowship, during the tenure of which this work was carried out 
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423. Studies in Co-ordination Chemistry. Part VI. Complexes of 
Bivalent and Tervalent Cobalt with a Di(tertiary Arsine). 


By R. S. Nyworm. 


A series of complex salts of bivalent and tervalent cobalt with the di(tertiary arsine) chelate 
group, o-phenylenebisdimethylarsine, has been prepared and studied. Cobaltous halides 
form stable, slightly soluble salts of the formula (Co(Diarsine),)X,, where X — Ci, Br,I, or 
CNS. From the magnetic moments of these compounds it is concluded that the four bonds to 
the cobalt atom are covalent and planar. Aerial oxidation of these cobaltous salts gives very 
stable tervalent octahedral complexes, in which the diamagnetic cation contains two halogen 
atoms and two molecules of the chelate group attached to a cobaltic atom, the anion may be 
either a halogen atom or the group [(CoX,)*, where X = Cl or CNS. The chioride, bromide, 
iodide, and thiocyanate complexes have been red and their properties are discussed. The 
behaviour of iron, cobalt, and nickel with this diltertiary arsine) are compared 


I~ previous papers (Parts III, IV, and V, /., 1950, 851, 857, 2061) the complexes of iron, rhodium, 


and nickel with the chelate group o-phenylenebisdimethylarsine (I) were investigated, and 
1 It was decided to investigate the complexes of bivalent 


With the results of this investigation available it is possible 
to compare and contrast the compounds of iron, cobalt, and nickel with this di(tertiary arsine) ; 
6R 
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all of these elements from covalent bonds with this chelate group in both the tervalent and the 
bivalent state 


- ee cH, 
CHy, ACH, cHy “(te a4 
y, sy yt yy. ~ 
a) | ki ‘co 
Nas y/ J 
CH ‘CH CH, / * 
° “ (fh, oH 
The stereochemistry of bivalent cobalt is of unusual interest since octahedral complexes 
(beth covalent and ionic), planar four-covalent complexes, and tetrahedral complexes are known. 
When the compound is tetrahedral, the magnetic moment does not enable one to decide whether 
the bonding is ionic or covalent using sp* bonds, because the number of unpaired electrons is 
the same in both cases (see i and ii in Table I). The octahedral complexes usually have ionic 
bonds with magnetic moments between 4 and 5 B.M., ¢.g., (Co(NH,),)Cl, has a magnetic moment 


Tame il 


Calculated magnetic moments for coball complexes 
Calculated 
Electronic arrangement magnetic 
— ~ moment 
Campion » (BM) 
Cobaltous (ionic) (tetrahedral it Ty ' 3.55 
of octahedral) i 
Cobaltous (tetrahedral) (sp* array Tr) TaTTatt 3-88 
bonds) 





} Cobaltous, planar (dsp* 
bonds) 


y obalto hedral (d%sp* lal) } lial ii 
ea AAA MH 


(vy) Cobaltic (jomic) iy ly iy ij 


vi) —— octahedral (d*«p? Seeelseealyt] (4) 


of 5°25 B.M. (Klemm and Schuth, Z. anorg. Chem., 1933, 210, 33), but at least one octahedral 
complex with covalent bonds is known. This is the compound dipotassium calcium hexanitro- 
cobalt(II) [K,CaCo(NO,),) for which Cambi, Ferrari, and Colla (Gazzetta, 1936, 65, 1162) reported 
& magnetic moment of 10 B.M. Av may be seen from Table I (iv) the calculated magnetic 
moment for an octahedral complex of bivalent cobalt with covalent bonds is 1°73 B.M., 
corresponding to one unpaired electron. A magnetic moment of 1°73 is also predicted for 
planar four-covalent complexes because this shape requires the use of dsp* bonds (see iii, 
Table 1).* It should thus be easy to distinguish between planar four-covalent complexes and 
tetrahedral complexes by magnetic susceptibility measurements, since the magnetic moments 
are so different (1°73 B.M., compared with 3°88 B.M.). In practice the magnetic moments of 
both the square and the tetrahedral complexes are rather larger than these figures, probably 
owing to a considerable orbital contribution to the magnetic moment (Selwood, ‘‘ Magneto- 
chemistry,"’ Interscience N.Y., 1943, p. 163) Mellor and Craig (J. Proc. Roy. Soc. N.S.W., 
1940, 74, 495) reported magnetic moments between 1°8 and 2°8 B.M. for a series of planar 
complexes, and values between 4°2 and 5:3 B.M. for tetrahedral complexes; Selwood (ibid., 
p. 174) and Pauling ( Nature of the Chemical Bond,"’ N.Y., 1945, p. 114) have reported similar 
values. When the bonds are ionic, bivalent cobalt forms either octahedral, ¢ g., (Co(NH,),)Cl,, 
or tetrahedral complexes, ¢.g., M',[CoCl,). The co-ordination number is, as a rule, six in cationic 
complexes, and four in anionic complexes. When the cobalt atom forms covalent bonds the 
co-ordination number four ss more common than six. Little is known of the conditions leading 
to square complexes; it seems, however, that if the co-ordination number is four then planar 
complexes are obtained only when the cobalt atom is joined to the less electro-negative atoms. 
Mellor and Craig (Joc. cit.) found that four sulphur atoms tended to give the planar arrangement, 


* Calvin and his co-workers (/. Amer. Chem. Soc, 1946, 68, 2254) have shown recently by use of 
X ays that certain four-covalent complexes of bivalent cobalt with one unpaired electron are planar. 
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but four oxygen atoms gave the tetrahedral configuration. It is apparent that bivalent cobalt 
forms square complexes less readily than does bivalent nickel, and increasing the electro- 
negativity of the attached groups results in a change to the tetrahedral configuration more 
readily in the former case; for example, although the compound NiCl,,2PEt, is planar, 
CoCl, 2PEt, is tetrahedral. 

Although no complexes of bivalent cobalt with tertiary arsines have been reported previously, 
Jensen (Z. anorg. Chem., 1936, 229, 282) described the compound 
cobalt(II), CoCl,, 2PEt,, as well as the tripropylphosphine analogue, but he made no reference 
to the corresponding tertiary arsine complex. These phosphine complexes were unstable 
Tertiary arsines usually form complexes similar to those given by tertiary phosphines, but as a 
rule the arsine complexes are less stable: with bivalent nickel, for example, the only tertiary 
arsine complex isolated by Jensen (ibid., p. 265) had the formula Nil, 2AsEt,, but this was less 
stable than the corresponding phosphine compound. For the compound CoCl, 2PEt,, Jensen 
(ibid., p. 282) reported a dipole moment of 8-7 bp. in benzene solution; this was taken to indicate 
the tetrahedral configuration rather than the less likely cis-planar arrangement, and the magnetic 
moment of this compound, 3°5 B.M. (Jensen, private communication), seems to confirm this. 

When a solution of cobaltous chloride in alcohol was treated with the di(tertiary arsine), one 
obtained immediately a yellow precipitate of the compound di-(o-phenylenebisdimethy larsine) - 
cobalt(II) chloride, (Co(Diarsine),)Cl,, see (II). This substance was insoluble in benzene or 
chloroform, but was slightly soluble in warm water or warm alcohol. The aqueous solution 
reacted at once with silver nitrate, showing that the chlorine was ionised, but the low solubility 
in water, combined with the pronounced hydrolysis, vitiated attempts to determine the 
molecular conductivity. These properties support the assignment of the salt-like structure to 
this compound, and, as the magnetic moment (2°1 B.M.) indicated the presence of one unpaired 
electron, the four dsp* cobalt-arsenic bonds are apparently planar (see iii, Table I). The 
bromide, iodide, and thiocyanate were prepared in a similar manner, and had magnetic moments 
which indicated the presence of one unpaired electron (see figure). These compounds were 
only very slightly soluble in water and their colours varied from yellow to brown. The colour 
is some guide to the stereochemistry, for Mellor and Craig (loc. cit.) noticed that square 
complexes of bivalent cobalt were some shade of brown while the ionic or tetrahedral complexes 
varied in colour from pink or mauve to blue; the correlation between colour and magnetic 
susceptibility is, however, not so well established as with the corresponding compounds of 
nickel. The moist chloride became green on the surface in air, owing to oxidation, and all of 
these bivalent complexes oxidised readily in air to give very stable complexes of tervalent 
cobalt 

Attempts to isolate a non-ionic complex of the formula (Co(Hal),,Diarsine) by refluxing an 
alcoholic solution of cobaltous chloride with the complex salt [Co(Diarsine),)Cl, in an inert 
atmosphere were unsuccessful. When air was admitted to the reaction mixture, oxidation took 
place rapidly and the cobaltous salt dissolved to give a green solution from which a green complex 
of tervalent cobalt was obtained on cooling. The formula of this substance, Co,Cl,(Diarsine),, 
indicates that two cobaltic and one cobaltous atom are present. The mean magnetic moment 
is 2:7 B.M., but on the assumption that the two cobaltic atoms are diamagnetic the moment of 
the cobaltous atom is 44 B.M. The low solubility of the compound suggested that it was a 
salt, and it was found that half the chlorine could be titrated with silver nitrate in alcohol 
solution. These facts suggested the formula (CoCl,(Diarsine),),/CoCl,), namely bis{di- 
chlorodi-(o-phenylenebisdimethylarsine)cobalt(III)] tetrachlorocobalt(II), and this was con- 
firmed by chemical investigations. When a solution of the compound in alcohol was treated with 
perchloric acid the [CoCl,)~ ion was replaced and the blue-green diamagnetic compound 
dichlorodi-(o-phenylenebisdimethylarsine)cobalt(III) perchlorate, [(CoCl,(Diarsine),)CIO,, was 
precipitated. By subtracting the diamagnetic susceptibility of the cation in this compound 
from the magnetic susceptibility of the compound (CoCl,(Diarsine),),'CoCl,) one obtains the 
magnetic susceptibility of the (CoCl,)" ion. These figures are given in Table II and the magnetic 
moment of the [CoCl,)~ ion (44 B.M_) indicates three unpaired electrons and hence a tetrahedral 
arrangement. The magnetic moment of the (CoCl,)~ ion was measured earlier by Barkworth 
and Sugden (Barkworth, Ph.D. thesis, University of London, 1937, p. 53) using the compound 
[QH),{CoCl,), where Q «= quinoline, and these workers reported the value of 4°67 B.M. 

The compound dichlorodi-(o-phenylenebisdimethylarsine)cobalt(III) chloride, [CoCl,(Di- 
arsine), )Cl, is produced when the bivalent cobalt complex is oxidised in the absence of cobaltous 
chloride, but the product usually contains some of the less soluble (CoCl,)~ compound because 
some decomposition of the cobaltous salt occurs with the formation of cobalt chloride. The 
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Tastes Il 


Experimental magnetic susceptibilities of some cobalt complexes. 
A ~ o-Phenylenebisdimethylarsine 
Diamagnetic wm (corrected for Magnetic moment 


for d ism), (mean » per 
xe. cobalt atom), B.M. 


Compound 
1) Cotes) io 8700 
(2) | CoC A G0, : : 
3) \ 
4) ‘CoQ 


Brownish -yello Dark - green Green, 
ue? © “ «0 u-0 


Greenish- yellow % green, 
jae2-l pO 
Col, + 
“cone. HCl 


Reddish: black 
pO 


Air + ' CNS yn 

NH,CNS 

me A Ast As _ i 

i Co (CNS), | A | CN J 
iat——/Ag \As——7“As As< 

\ L cus J ; CNS 
Light - brown Orange Green- black 

Me 2:3 Me 


diamagnetic monochloride was obtained free from the [(CoCl,)~ compound by making use of the 
solubility of the former in a mixture of chloroform and alcohol 

When the cobaltous bromide complex was heated in air with hydrobromic acid in boiling 
alcoholic solution the octahedral complex [(CoBr,(Diarsine),|Br was obtained. This compound, 
which 1s deep green, is diamagnetic like the chloride but is less soluble in alcohol. The compound 
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was also prepared by the action of sodium bromide on the chloride complex. No complex with 
the (CoBr~ anion was obtained. The 

Col, (Diarsine),)I, Se 

presence 


compound containing the (Co(CNS),)~ ion was obtained when the bivalent 

in the presence of cobaltous 

chlorocobalt(I1) complex, and has the formula (Co(CNS$),(Diarsine),),{Co(CNS),). 
with i perchlorate (Co(CNS 


The most noteworthy property of these complexes is the very marked increase in stability 
in passing from the bivalent to the tervalent state; the stability of these complexes of tervalent 
cobalt is of special interest because the metal atom is co-ordinated with atoms of fairly low 
electronegativity. Pauling (op. cit., p. 257) has pointed out that the atoms and groups which 
occur in the octahedral complexes of tervalent cobalt are in the main strongly electronegative, 
and instances the fact that chlorine in introduced more readily than iodine. In the tervalent 
iodide complex described here there are four arsenic and two iodine atoms attached to the 
cobalt, and all of these are of much lower electronegativity than atoms such as nitrogen or 
oxygen. The fact that this complex is quite stable, although it contains a metal in a high 
valency state attached to easily oxidisable groups like tertiary arsines and the iodide ion, 
emphasises the strength of the bonds. All of these tervalent complexes must be heated with 
silver nitrate and concentrated nitric acid for some hours to remove the halogen from the cation. 
Although compounds containing one iodine atom attached to.4 cobaltic atom are known, ¢.g., 
(Co(NH,),I)X, (where X = a univalent anion) (J. W. Mellor, “ Comprehensive Treatise on 
Inorganic Chemistry,”’ 1935, Vol. IX, p. 695), the compound [Col,(Diarsine),)I is one of the 
few cobaltic complexes known in which two iodine atoms are attached to the cobalt 
atom. Unlike Fe! and Ni" derivatives, no octahedral complexes of bivalent cobalt were 
isolated 

The compounds prepared in this investigation and the relations between them are shown in 
the figure. In the tervalent complexes the two halogen atoms in the cation are shown as 
trans, but as with the corresponding tervalent compounds of iron, rhodium, and nickel it must 
remain speculative until proved by X-ray crystallography or until the cis-arrangement is 
established by optical resolution 

Tasie Ill 
Complex salts formed by iron, cobalt, and michel with a di(tertiary arsine) 
A = o-Phenylenebisdimethylarsine. 
Cobalt. 
Bivalent (CoA,)X,. 
X = Cl, Br, I, CNS: salts 


pa ic, p = 2-0- 2-4, co- 
valent Tips bonds 
Planar (four-covalent) 


Iron. 
Biwalent [FeA,X,* 
X Br, I, CNS: non-electro- 
lytes, diamagnetic, p=, co- 
valent d*sp* bonds. 


Octahedral (six-covalent 


Nickel. 
Bivalent (NiA,)X,. 
X=Cl, Br, I, CNS, CIO,; 


salts, diamagnetic, g =~ 0, co- 
valent dsp* bonds. 


Planar (tour-covalent) 
[NiA,)}(CIO,),; diamagnetic, 
=? 

m Octahedral 





Tervalent 
FeX,A,\(FeX, 
X « Cl, Br; paramagnetic, p 
23 for cation and g» 549 yo 
anion 
(FeCl, A, ClO, 
Paramagnetic, p == 23 
FeBr,A, X 
Xx Br, ClO,, cation covalent 
d*sp* bonds 


Octahedral 


Tervalent 
CoX,Agq),/CoX,). 
X = C1LCNS; paramagnetic, 
» = © for cation and » = 4-4 for 


anion 
CoX,A, x 


X = Cl, Br, I, CNS, cation 
contains covalent d*sp* bonds 


Octahedral 


B =» C10, 
orbitals doubtful 


Octahedsal. 


In Table III the behaviour of iron, cobalt, and nickel with this di(tertiary arsine) is compared 
so far as these investigations have proceeded. This chelate group provides a unique opportunity 
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for comparing the behaviour of these three metals because they form stable complexes with this 
diarsine in both the bivalent and tervalent states. The bonds were in all cases covalent but no 
unusual co-ordination numbers were observed. In the bivalent state iron forms solely octahedral 
complexes ; the iodide and bromide are stable in air, but the chioride undergoes aerial oxidation 
very readily. Bivalent cobalt and nickel both form square four-covalent complexes but in 
addition nickel gives rise to an cctahedral complex. The reluctance of bivalent cobalt to form 
octahedral complexes with covalent bonds is well known and towards this chelate group the 
ease with which these three metals form such compounds is Fe > Ni > Co; this order has also 
been observed with other co-ordinating groups, ¢.g., dipyridy! 

In the tervaient state all of these elements give octahedral covalent complexes of marked 
stability, the cobaltic complexes containing particularly strong bonds. 

This chelate group also co-ordinates readily with univalent copper, and complexes with 
the formuke (Cu(Diarsine),)X and (CuX,Diarsine), have beed prepared, where X = Cl, Br, I 
This work, in collaboration with Mr. A. Kabesh, will be described in Part VII of this series 


EXPERIMENTAL. 


eg Teer poy ee Chloride.—Cobait chloride hexahydrate (12 ¢.) im 
alcohol (20 mi.) was treated with o- nylenetiadimethylarsine (1-4 g.) im alcohol (40 mi.), and the 
solution well shaken. A greenish-yellow powder was precipitated immediately and after being heated 
on the water-bath for a few minutes the mixture was coo and filtered e chiornde (1:3 2.) was 
well washed with cold alcohol, in which it was slightly solable, and dried in a vacuum-desiccator (Found 
C, 33-9; H, #6; Cl, 1@1. CH ClLAs,Co requires C, 34:2; H, 455; Cl, 10-19%). The compound 
dissolved in hot water to an orange-brown solutuon, some decom tion occurring as was shown by the 
odour of the diarsine. It was also soluble to some extent in alcohol, and treatment of the alcoholic 
solution with silver nitrate gave a precipitate of silver chloride at once. The compound was insoluble in 
benzene or chioroferm. When left in the air in a moist condition the compound turned green on the 
surface owing to oxidation. Unless tightly stoppered it developed the odour of the diarsine fairly 
quickly when kept owing to decomposition. Prolonged refluxing of this compound with alcoholi 
cobaltous chloride in carbon dioxide caused no change, but in the presence of air rapid oxidation to a 
cobaltic complex occurred. Magnetic susceptibility: powder form at 28-5°: yy = 202 « 10°, yy 
1420 « 10°°, correction for diamagnetiam ~ 436 « 10°, whence » «~ 2:1 BM 


Di-(o-phenylenebisdimethylarsinejcobalt(11) Bromide.-Cobalt chloride hexahbydrate (0-9 g.) and 
sodium bromide (4 g.) were dissolved in a mixture of alcohol (70 ml.) and distilled water (30 ml.) by 
heat, and the solution was treated with o-phenylenebisdimethylarsine (1-6 g.) in alcohol (50 ml.). The 
solution was well shaken. A brownish-yellow precipitate appeared immediately. After the mixture 
had been heated on the water-bath for a few minutes the bromide was filtered off and well washed with 
alcohol in which it was very slightly soluble. The substance (1-4 g.) was then dried in a vacuum 
desiceator (Pound: C, 30-7; H, 43; Br, 200. C,.H,,Br,As,Co requires C, 30-3; H, 405; Br, 
20.24 The compound was slightly soluble in hot water to a brownish-orange solution which had a 
marked odour of the diarsine owing to hydrolysis. It was insoluble in benzene or chloroform. Magnetic 
susceptibility, powder format 22°: y «~ 146 x 10°°, yy « 1155 x 10°, correction for diamagnetism - 
468 « 10°*, whence »p ~ 20 BM 


Di-(o-phenylenebisdimethylarsine)cobali(I1) Jodide.-Cobalt chloride hexahydrate (1:2 g.) and 
lithium jodide (3 g.) were dissolved in alcohol and the filtered solution was treated with o-phenylenebis- 
dimethylarsine (1-6 g.) in alcohol (75 ml.). A brown precipitate was formed immediately and after 
the mixture had been heated on the water-bath for a few minutes the todide was filtered off, well washed 
with alcohol, in which it was practically insoluble, and dried in a vacuum-desiccator (yield, 1-8 2 
Found: C, 268; H, 38. Cy H,,I,As,Co requires C, 27-1; H, 36%). The compound was much less 
soluble than the chloride or the bromide in both alcohol and water, but hot water produced the odour 
of the diarsine, showing that some dissolution with decomposition took place. Magnetic suceptibility 
powder form at 15 x 230 10°*, ye = 2040 & 10°, correction for diamagnetisom — 490 « 10*, 
whence a «~ 24 HM 

Di-(o- phenyvlenehisdimethylarsine\cobalt(ll) Thtocyanate —Cobaltous chloride hexahydrate (0-7 ¢.) 
and ammonium thiocyanate (1:5 g.) were dissolved in alcohol (40 m1.) and distilled water (5 ml.), and the 
leep- blue solution was added to o-phenylenebisdimethylarsine (1-45 ¢.) in alcohol (40 mi A grey 
precipitate was obtained immediately, and after 5 minutes’ heating on the water-bath the solution was 
cooled and filtered, and the residue well washed with alcohol The filtrate was red, owing to partial 
xidation to form the tervalent cobalt complex. The thiocyanate (1-6 g.) was dried in a vacuum- 
desiccator (Found: C, 344-5; H. 41. C,,H,.N,S,As,Co requires C, 35-3; H, 43%). The compound 
was insoluble in water or alcoho! but in the presence of air dissolved rapidly in alcohol owing to oxidation 
When preparing this compound it was difhcult to avoid the formation of some of the compound 
Co(Diarsine), ‘CofCNS),. and the presence of a small amount of this substance is suggested by the 
analysis. Magnetic susceptibility : powder form at 20°; y 2 1, ve 1740 = 10°, correction 
for diamagnetism 4 1*, whence » 23 BM 

Bus dwhlorods-(o-phenvieneitsdimethylarsime cobalt U1) ietrachlovocobailt( 11 The cobaltous chloride 

mplex, Co(Diarsine), C1, (20 g.). was added to a filtered solution of cobaltous chloride hexahydrate 
9 g.) m alcohol (210 mi.) containing 10n-hydrochloric acid (5 mi The solution was then heated 
under reflax, filtered air being brought into contact with the surface of the solution After about | hour 
green crystals began to form, and the cobaltous complex gradually dissolved. After about 4 hours all 
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po et rym ws ore pm give a deep-green solution, This was then filtered hot, and 
on cooling green crystals ) of the required compound were obtained (Found C, 20-8, H, 3-0; 
C1, 17-8, Co, 10-9. at ad hag eS ae H, 40; Ci, 17-7; Co, 110%). The compound 
coubd be teceyetaiteed ive ohol containing a little hydrochloric ac acid and cobaltous chloride, in the 
absence of these, qume fovmation of the save cchibia sennediberide exemaned, Ase ted from the 
formula, potentiometric tatrations with silver nitrate and a sulver electrode showed t half of the 
total chlorine was sed. The comp was insoluble in water, but dissolved in a large volume of 
alcohol, but in this solvent it was oma less soluble than the monochioride. Magnetic 
susceptibility : powder form at 24°: y — 463 x 10°, yy = 7 x 10°, correction for diamagnetism = 
1200 x 10°*, whence mean g per Co atom = 2-7 B.M., and » for one Co atom (in the (CoCl,)~ anion) = 
+6 BM. 

Dichlovrodi-(o-phenylenebisdimethylarsine}cobalt(111) Chloride —This compound is obtained in 
alcoholic solution contaminated with the above tetrachlorocobalt (Il) compound by acrial oxidation 
under retlux of the bivalent salt (Co(Diarsine), Cl, in a of a little hydrochloric acid. Some 
decomposition of the cobaltous salt gives rise to some tous chloride which forms the complex anion. 
The substance was prepared more conveniently from the tetrachlorocobalt(I1) compound as follows. 


The compound (CoCi,(Diarsine),),(CoCl,) (1-6 g.), comtaining a little of the monochioride, was 
dissolved in alcohol (250 ml.) by beat, water (100 mi.) containing 10n-hydrochioric acid (2 mi.) added, 
and the cooled solution shaken immediately with chloroform (250 ml.) in a separating funnel. The 
extraction was repeated twice. The chloroform solution was filtered, concentrated to about 75 mi., 
treated with light ae at the b. p. until just cloudy. On cooling, beautiful bright green 
of the required chloride (0-0 g.) were obtained (Found: C, 31-0; H, 44; Cl, 167; 

CoH, As,Co requires C, 32.5; H, 43; Cl, 145; Co, 80%). The compound was 

alcohol, slightly soluble in water, and soluble in chloroform containing a little alcohol e alcoholic 
solution reacted instantly with silver nitrate solution to give a precipitate of silver chloride, but the 
solution remained green because the chlorine in the cation did not react. Magnetic susceptibility 
powder form at 145°: ~>40 x 10°, whence p = 0 


Dichlorods- (o-phemylemebs sdimeth ylar sime)cobalt(L11) Perchlorate —-The tetrachlorocobalt(II) com- 
pound, CoCl,(Diarsine),),{CoCl,) (0-7 g.), was dissolved in alcohol (50 ml.) and, after it had cooled, 
» per hloric acid was added in considerable excess. A beautiful greenish-blue precipitate was 
obtaioed immediately, this was filtered off and washed many times with alcohol, in which it was 
insoluble (0-6 g.) (Found: C, 302; H, 40. C,.H,,O,ClAs,Co requires C, 30-0; H, 40%). The 
compound was insoluble in water and other solvents. On heating it exploded above 300°. Magnetic 
susceptibility : powder form at 19°: y ~ —0-50 x 10°, whence g = © 


Dibromods-(o-phenylenetisdimethylarsinejcobalt(111) Bromide-—The cobaltous bromide complex, 
(Co(Diarsine),) Br, (1-2 g.), was added to alcohol (125 — containing 48% hydrobromic acid (5 ml.), and 
the solution refluxed for several hours with free access of filtered air to the surface of the solution. The 
cobaltous salt, which was initially in suspension, gradually dissolved to form a deep-green solution. A 
green compound began to crystallise from the solution after about 1 hour; at the end of 12 hours all the 
cobaltous salt had disappeared and the flask contained a mixture of green crystals and a one green 
solution. The hot solution was then filtered, the green crystals were dissolved in hot alcohol 5 mil.), 
and the solution was filtered and added to the first filtrate. The whole solution was then concentrated 
on the steam-bath to half its bulk and allowed to cool. Dark green flat rhombs of the required bromede 
0-2 g.) crystallised on cooling (Found: C, 27-8; H, 41; Br, 27-4; Co,685. C,.H,,Br,As,Co requires 
C, 27-5; H, 37; Br, 27-5; Co, 675%). The compound was readily soluble in alcoho! but insoluble 
in water: it dissolved in chloroform containing a little alcohol. The alcoholic solution reacted instantly 
with silver nitrate to precipitate only the anionic bromine, for the solution remained green. The two 
covalently bound bromine atoms in the cation could be made to react with silver nitrate only by 
prolonged heating in the presence of concentrated nitric acid. Magnetic susceptibility ; powder form 
at 20°: x 0-40 x 10°, whence p = 0. 


Dibromodi-(o-phenylenebisdimethylarsine)\cobalt(1I1) Perchlorate —-The mother-liquors from the 
recrystallisation of the monobromide, (CoBr,(Diarsine),)Br, were treated with an excess of 30° 
perchloric acid, and the light green precipitate of perchlorate which formed immediately was filtered 
and washed several times with alcohol, in which it was insoluble. It (0 w: g.) was washed finally with 
water and dried in a vacuum-desiccator (Found: C, 27-2; H, 3-8 soll CIBr,As,Co requires 
C, 270; H, 36%). When heated, the compound exploded above 300 tic susceptibility : 
powder form: from the diamagnetism, gp = 0. 


Di-stododi-(o-phenylenehi sdimethylarsine)cobalt(111) lodide-—-This compound was prepared by two 


methods each leading to the same product. The first of these is preferable since the second involves a 


reaction which starts with one insoluble compound and finishes with another, the purification of which is 
difficult 





The cobaltic monochloride complex, [CoCl,{Diarsine),)Cl (0-6 g.), was dissolved in alcohol (100 ml.), 
and the solution filtered and treated with lithium iodide (4 g.) in warm alcohol (25 ml.)}. The solution 
was heated under reflux, the colour slowly changing from green through violet to dark red. A black 
crystalline precipitate was formed and after 1 hour the solution was cooled and the black crystalline 
complex (0-8 g.) was filtered off and well washed with alcohol (Found: C, 23-9; H, 34: Co, 5&8 
CyH,,1,AsCo requires C, 23-75; H, 3-4; Co, 5-8%). 


The second method of preparation involved the aerial oxidation of the cobaltous complex in the 
presence of hydriodic acid. Cobalt chloride hexahydrate (0-7 g.) and lithium iodide | ) were dissolved 
im alcohol (120 mil.), and the solution was filtered and treated with pte Bal OB mS iw emer 


(1-5 g.) in alcohol (30 ml). A brown precipitate of the cobaltous complex appeared at once; to the 
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solution was then added 57% hydriodic acid (3 ml.), and the solution was heated under reflux with free 
access of air to the surface of the solution. After 3 days all of the light brown cobaltous salt had been 

by « back precipitate (in a violet solution). The solution was cooled and filtered and the 
residue recrystallised from a large volume of alcohol (yield, 2-4 g.) 


Under the microscope the compound consists of very dark red hexagonal crystals which are almost 
black by reflected light. The compound was much less soluble than the chloride or bromide in alcohol 
It was slightly soluble in alcoho! and in chloroform containing a little alcohol, but was insoluble in water 
Magnetic susceptibility | powder form at 21°: y = —045 x 10*, whence p = 0 

Bis dsthioc yanatods-(o- phenylenebssdimethylar sine )cobalt( 111) petrathsocyanatocobali(11).— This com- 
pound was prepared after unsuccessful attempts to obtain the compound [Co(CNS),(Diarsine)) 


Cobaltous chloride hexahydrate (0-16 g.) and ammonium thiocyanate (0-16 g.) were dissolved in 
alcohol (40 mi.) and distil water (5 afi, and the solution was added to the compound [Co(Di- 
arsine), (CNS), (0-5 ¢.) in a 100-m). flask. Carbon dioxide was then passed in, to exclude air, and the 
solution refluxed for | hour. Vigorous bumping occurred throughout, but no obvious change took place 
either in the solution or the insoluble bis(diarsine) complex. The solution was cooled, but no change had 
occurred. Air was then bubbled through the solution, and refluxing continued. Oxidation occurred 
rapidly, and after | hour the brown amorphous cobaltous salt had been converted into dark blue 
crystals (in a deep blue solution). On cooling, more greenish-black crystals rated. These (0-25 ¢ 

were filtered off and washed with alcohol and dried in a vacuum-desiccator (Found: C, 32-4; H, 3-7 
Cog yg® pS AsyCo, requires C, 32-3; H, 36%). Magnetic susceptibility: The compound was shown 
to be paramagnetic, owing to the (Co(CNS),~ anion, but the amount did not permit of an exact 
determination of the susceptibility 


The compound was insoluble in alcohol and water but dissolved readily in acetone to give a violet 
green solution which reacted instantly with silver nitrate, leaving a pink solution of the nitrate of the 
complex salt 

Dithtocyanatods-(o- phenylenebssdimethylarsime)cobalt(1I1) Perchlorate.—The above  tetrathio- 
cyanatocobalt(Il) compound (0-2 g.) was dissolved in acetone (20 ml.) diluted with distilled water 
(20 mi.), and excess of perchloric acid added. Distilled water (50 ml.) was then added with stirring, 
giving an orange precipitate of the perchlorate (0-15 g.) in an almost colourless solution Found : C, 31-7; 
H.3-7; N,32; C145. C,H,,O,N,CIS.Co requires C, 31-2; H, 3-8; N,3-3; Cl, 42%). The compound 
was diamagnetic, whence p ~ 0 


The magnetic measurements on the compounds described in this and the preceding paper were carried 
out as described in Part III (/., 1950, 851 


This work was carried out during the tenure of an Imperial Chemical Industries Fellowship awarded 
by the University of London. The author is indebted to Professor C. K. Ingold, F.R_S., for his continued 
interest in this work 


Sime Wiitiam Ramsay ano Racen Forster Lasoratpories 
University Cottece, Loxpox, W.C.1 Received, March Oh, 1950 


424. The Chemotherapy of Tuberculosis. Part II. Some 
N-Substituted p-Phenylbenzamidines. 


By L. Baver and J. Cymerman 
In order to obtain isomers of the substituted N-4-diphenylylamidines (1) (Part I, /., 1950, 
1826) which, whilst possessing similar lipoid solubilities and basic strengths, are devoid of the 
pP-aminobenzov acid skeleton present in (1), a series of N-substituted p-pheny!lbenzamudines 
Il) has been prepared by interaction of 4-cyanodipheny!l and the arylsulphonates of a number 
of aliphatic, aromatic, and alicyclic amines. Two closely-related cyclic amidines, 2-4'-di 
phenylyl-4  5-dihydroglyoxaline and 2-4'-diphenylylbenziminazole have also been prepared 


In order to increase the lipoid solubility and basic strength of 4-aminodipheny], a substance of 
known antituberculous activity (Erlenmeyer, Becker, Sorkin, Bloch, and Suter, Hele. Chim 
feta, 1947, 30, 2058), a series of substituted \-4-diphenylylamidines (I) was prepared (Part I, 
/., 1950, 1826) so that the correlation between physico-chemical properties and bacteriological! 
activity might be examined. Activity was found to vary with structure, and will be discussed 
in full elsewhere 

It will be seen that the \-4-diphenylvlamidines (I) possess the p-aminobenzoic acid skeleton, 
the presence of which has been claimed by a number of workers (cf. Erlenmeyer et al., loc. cit.) 
to enhance antituberculous activity 


NH-CUCNH)R CCNH)-NHR Il.) 


; 


Thus Erlenmeyer et al. (loc. cit.) examined p-aminobenzoic acid and its n-alkyl esters (methyl— 
w-hepty!) whilst p-aminobenzamidine and 2-p-aminophenylpropene were prepared and tested 
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by Erlenmeyer, Noll, and Sorkin (Helv. Chim. Acta, 1949, 32, 1676). Other compounds 


possessing the p-aminobenzoic acid structure, and found active m vitro, include 4-aminodipheny! 
and its isostere 2-p-aminophenylpyridine (Erlenmeyer ¢¢ al., loc. cif.), 4-aminosalicylic acid 
(Lehmann, Lancet, 1946, 15), and 2-naphthylamine (Bloch, Lehr, and Erlenmeyer, Helv. Chim. 
Acta, 1945, 28, 1406). 

In order to test whether the presence of this structure has any beneficial effect on anti- 
tuberculous activity, the synthesis of a series of N-substituted p-phenylb d (II) was 
undertaken, and forms the subject of this communication. In these compounds, which do not 
possess the p-aminobenzoic acid skeleton, physical properties such as lipoid solubility and basic 
strength must approach closely to those of the isomeric N-4-diphenylylamidines (I), and a 
comparison of their bacteriological activities should therefore atlord some evidence regarding 
the effect of the presence or absence of the p-aminobenzoic acid residue 

f-Phenylbenzamidine and the following N-substituted phenylbenzamidines were prepared 
by Oxley and Short's method (/., 1947, 147) from 4-cyanodiphenyl and the aryisulphonates of a 
series of aliphatic, aromatic, and alicyclic amines: N-n-butyl-, N-cyclohexyl-, N-phenyl-, 
N-p’-chlorophenyl-, N-p’-ethoxyphenyl-, N-p’-butoxyphenyl-, N-4-diphenylyl-, and N-p’-piper- 
idinopheny!-. 4-Cyanodipheny! was obtained in good yield by thermal decomposition in vecuo 
of the copper complex obtained by the action of potassium cuprocyanide on diazotised 4-amino- 
diphenyl, the cyanide distilling as formed. Reaction between the amine aryisulphonates and 
the cyanide took place at temperatures between 180° and 270° and required from 0°75 to 7 hours’ 
heating. The yields ranged from 18 to 95%. The bases obtained were characterised as their 
benzenesulphonates, hydrochlorides, picrates, or toluene-p-sulphonates 

To examine the effect of additional cyclisation of the p-phenylbenzamidine molecule (II), 
the corresponding dihydroglyoxaline, 2-4’-diphenylyl-4 : 5-dihydroglyoxaline was prepared in 
excellent yield from 4-cyanodiphenyl and ethylenediamine by the method outlined by Oxley 
and Short (/., 1947, 500). Reaction of the cyanide with o-phenylenediamine by Holljes and 
Wagner's method (J. Org. Chem., 1944, 9, 31) gave 2-4’-diphenylylbenziminazole, an analogue 
of (IL; R =< Ph) from which it differs by only two hydrogen atoms. Results of bacteriological 
and other examinations of these compounds will be reported elsewhere. 





EXPERIMENTAL. 


4-Cyanodipheny!.—-A hot solution of 4-aminodipheny! (18-6 g.) in water (400 c.c.) containing hydro 
chioric acid (10 c.c.; 10N.) was poured on ice (200g.). The stirred su m of the hydrochloride was 
cooled to 5° and treated successively with hydrochloric acid (24 c.c.; 10x.) and sodium nitrite (8-6 g.) in 
water (20 c.c.). Sodium carbonate was added until the diazo-solution was almost neutral, whereupon 
it was slowly added to a solution of potassium cuprocyanide [from potassium —_ (30 g.) in water 
(50 c.c.) and copper sulphate (26-6 g.) in warm water (100 c.c.)) at 60-70". Nitrogen was evolved 
and a brown complex prec vpn which was filtered off, washed, dried, and distilled under reduced 
pressure; 4-cy — (0-8 g., 50%) distilled at 120—140°/0-05 mm., solidifying to a solid, m. p 
80—82°. Recrystallisation from light gen (b. p. 60-80") gave crystals, m. p. 85—86° (Dobner, 
Annalen, 1874, 172, 111, gives m. p. 84-—85") 


p- Phenyibensamidine.-A mixture of 4-cyanodiphenyl (2:5 g.) and ammonium benzenesulphonate 
(5 g., 2 mol.) was fused at 270° (bath temp.) for 3 hours. Trituration of the cooled melt with acetone 
and crystallisation from ueous alcohol gave Ge benrenesulphonate (2-9 g., 50%) crystallising from 
water in plates, m. p. 285° (Found : N,7-6,7-6. C,,H,.N,,C,H,O,S requires N, 79%). A similar fusion 
at 250° for 4 hours gave only 35% of the salt. The amidine separated from chloroform-light petroleum 
b. p. 40-70") in plates, m. p. 171-—172° (Found: N, 143. C,,H,,N, requires N, 143%). The 
icrate formed yellow needles, m. p. 211-212", from aqueous alcohol teres rs water of crystal- 
isation even after being dried at 115° (Found: N, 16-15, 15-3, 16-25 gli N,C.H,O,N, 2H,O 
requires N, 152%). The Aydrochloride crystallised from dilute hydrochloric act he f in plates, m. p 
235-239", which also aoe water of crystallisation even after being dried at 135° f found; C, 61- 
H, 5-0; N, 11-2, 110, Ib2 CysH Ny. HCLH,O requires C, 622; H, 60;.N, 112% 


n-Butylammonium Bensenesulphonate.—Prepared by mixing equivalent quantities of the amine in 
ether with the acid in methanol, this salt : from methanol-cther in plates, m. p. 108-5" (Found 
N, 60. C,H,,N.C,H,O5S requires N, 6-1%) 

p-Phenyl-N-n-butylbenzamidine —Fusion of s-butyl benze Iphonate (2 g.) and 
4 +r! “- (0-9 g.) = 225° for 7 hours gave, on treatment with cold ether, unreacted cyanide 
(0-6 g.) he residue on lisation _ water afforded plates of o. Seomarentabonats (0-2 g.. 
2% tt on snsouens cyanide), m 164—165° (Fou N,67 H,N,.C,H,O,S requires 

8%) A wiilas funn at 285" for hours gave 12% of the benseneeaipscaat The's pdresiboride 

separated from hydrochloric acid (1:1) in plates, m. p. 220-——221° (Found : 8 C,,H,§, HC! 
ai sone N,@ 7%) 


iph This salt in needles, m. p. 213", from aleohol— 
ether reud? , 56. Caan CH<O,5 requires 6-54). P 
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N-cycloHexyl-p phemylhensamedime —-A my pg pe ee lobexyh 
henaeacmuiphionats (3g) was heated at 220 for 6 hours. The c te (0-8 g., 18%) 
was converted into the Aydrochionde —- crystallised from hydrochloric acid 1) in prisms, m 


267269" (decomp.) (Found 92 H,,N, HO 7 —— dy? N, 80%). The amidine crystallised 
prisms, m.p. 131: ‘oom tae pelectoen © p 690") (Pound : N, 00. C,,HyN, requires N. 101%). 

N : p Diphenylbensamidine.—Anilinium benzenesulphonate (1-0 g.) and 4<cyanodipheny! (1 ¢g.) 
were heated at 210° for S hours. Extraction with water gave the — (2 g., 83%) 
in plates, m. p. 191-192" (Found: N, 67. CyHyN,C,HO,S requires N, 66 The emudine 
od ~ a ae in rhombe, m 175-5°, trom chloroform Vent petroleum (b. p. 70") (Found: N, 10-2. 
Cy, requires N, 10-3 

Pr Phenyl N-p’ <hlaropheaylbonsamidioe Fusion of 4-cyanodiphenyl (2-2 g.) and p’-chloroanilinium 

toluene-p-sulphonate (4-5 g ) at 206° for 1 howr gave the toluenc-p-sul honate (5-6 g., 95%) crystalhsing 

as plates, m. p. 270° (decomp.), from water (Pound: N, 5-65. C,,H,.N,CLC,H,O,S requires N, 5-85%) 
The amidine formed plates, m. p. 202 from chloroform light petroleum (Pound: N,@25. C,H, NCI 
requires N, & 15%) 


p- Phenyl. N-p -«thoryphenylbensamidone —p-Ethoxyanilinium benzenesulphonate (3 g ) and 4<yane- 
diphenyl! (1-8 @.) reacted at 180° for 2-75 hours by which time the gg mixture had soludified. Tri- 
turation with acetone gave the pure ar a (38 ). m. p. 222-224", unchanged on 
recrystalliaation from water (Found: N, 62. wON, HH rk; requires N, 59%). The amidine 
crystallised from chioroform-light petroleum in plac m. p. 206-—207° (Found : N, “oe C,,H,ON, 
requires N, &9%). The sydrochioride consist of fat needles, m. p. 256—257° (Pound. N, 7-9. 
Cy H,,ON,, HCI requires N, 7-9%) 


p-2-Hutoryphenvlammomum Bensenesuiphonate ——\his salt separated from methanol—ether in stout 
needies, m. p. 186-187" (Found N,4#5. C,H, sON_C,H,O,5 requires N, 43%) 

p- Phenyl-N -p'-n-butoryphenylbenzamudine.—-Reaction of 4-cyanodipheny! (1-8 g.) with p-»-butoxy- 
phenylammonium benzenesulphonate {1-6 g.) at 180° for 4 hours gave the bensenesulphonate (49%) 
erystallising from water in colourless needles, m. p. 188" (Found: N,58. C,,H ON, C,H,O,S requires 
N, 566%). The amidine crystallised from chioroform-light petroleum iD Thombs, m p. 212—213° 
(Pound N, #3. C,,M,ON, requires N, &1%) 


p- Phenyl. N-4-diphenylylbensamidine.-A_ mixture of 4-cyanodipheny! (1 g.) and 4-diphenylyl- 
ammonium benzenesulphonate (2 g.) (Hauer and Cymerman, /., 1950, 1826) was heated at 250—-265° for 
Shours. After trituration with acetone, the bensenesulphonate (1-6 g., 57% o) Tecrystallised from aqueous 
methanol in cream needles, m Pp 246-247" (Pound: N, 53 CysHy Np CsHO,S requires N, 5.5%) 
The amidene formed colourless plates, m. p. 283-—-284°, from 2-cthoxyet anol | Found N. 83. ¢ aH, iN, 
requires N, 80%) 





p-Piperidinophenylammomum Ditoluene-p-sulphonate.— Prepared from f-piperidinoaniline, b. p 
126-130° /0-06 mm., «ff 1.5080, the ditoluene-p-sulphonate separated in rhombs, m. p. 192-—193°, from 
methanol-ether (Found N, 65 H,,S_5.2C,H,O,S requires N, 54% The dihydrochloride 
separated from alcohol ether in flat msalien m. p 227 “ro: (decomp.) (sealed tube) (Found: N, 11-2. 
Cale. for C,,HygNy2HCl: N, 11-29%). Leppla (Ber., 1888, 21, 2285) reports a hydrochloride mono- 
hydrate; no m. p. is given 


p- Phenyl N-p -ptperidinophenyibenzamidine._ The melt obtained by fusion of cyanodipheny! (1-8 g.) 
and £-piperidinophenylammonium ditoluene-p- sulphonate 7-5 g.) at 200° for 0-75 hours was cooled and 
dissolved in methanol, and the solution was basified with cold methanolic potassium hydroxide. The 
crude amidine was dissolved in dilute hydrochloric acid (200 c¢.c.; 2-5n.), the solution filtered 
and extracted with ether, and the base liberated at 0° . the amedine crystallised from ligroin (b. p. 96—100°) 
or alcohol as clusters of needles, m. p. 207° (decomp.) (Found: N, 11-9. C,,H,.N, requires N, 11-8% 
The dihydrochloride separated from alcohol-ether in buff rhombs, m. p. 260° (decomp.) (Found: N, 05 
Cy,H,, 8, 2HC! requires N, 08% 


24 -laphenylyi-4  5-dihvdrogiyoralime Reaction of 4-cyanodipheny! (1:8 ¢.) with ethylenediamine 
ditoluene-p-sulphonate (8-1 g., 2 mols) and ethylenediamine (1:2 g.) at 200° for 5-5 hours gave the folwene-p 
sulphonate (375 g , 06%), crystallising from water in colourless plates, m. p. 261-262" (Found; N, 7-0 
CysH Ng C HOSS requires N, 71% The base formed needies, m. p. 198", from chloroform-—light 
petroleum (Found: N, 126. ¢ valle , requires N, 12-6% 


2-4. Diphenylylbensimanasole —-A mixture of 4-cyanodipheny! (2 g.) and o-phenylenediamine dihydro- 
chioride (1-8 @.) waa heated at 200° (bath temp.) for 2 hours. The cooled melt was triturated with ether, 
and the residue extracted with boiling water (500 ¢.c.) and filtered The residue (0-0 g., 30%) crystallised 
from toepropanol-ether in white rhombic plates, m. p. 316—317", of 2-4 diphenylylbensimenasole hydro- 
ehlovide Found N, @2. C,H N, HC! requires N, 915%). The aqueous filtrate was basified at ¢ 
with concentrated ammonia “eolutic mm giving the base (0-6 g., 22%) which crystallised from aqueous 
acetone in prisms, m. p. 201-6292" (Found: N, 105. C,H N, requires N, 10-4% 


This work was carried out under the auspices of the Nationa! Health and Medical Research Council, 
to whom thanks are due for financial assistance 


Orcantc Cusmistey Deraxtwant, University of Sypney. Recewed, April ith, 1950.) 
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425. Dimethylsulphorimine. 
By H. R. Bewriey and J. K. Warrewnap. 
Oxidation of mee a cea ort fey payer eB (VI) with permanganate followed 


acid hydrolysis gives di Soo dies dl cides can tri- 
ido coated picacina to entadbated to be 6 taumaber of new class of sulphur c 








- 


Tue toxic factor (C,H,,O,N,S) from nitrogen trichloride-treated proteins is derived from 
methionine by the addition to the sulphur atom of one atom each of nitrogen, oxygen, and 
hydrogen (Bentley, McDermott, Pace, Whitehead, and Moran, Nature, 1950, 165, 150). In 
order to account for its considerable stability the molecule is represented formally as [I; 
R «= CHyCHyCH(NH,)-CO,H) which is stabilised by resonance in the same manner as a 


CH, NH N-DO, j N- . CH, 


town 
(1L.) itl.) 


sulphone. This serves in particular to explain the considerably increased resistance to acid 
hydrolysis of (I) compared with the sulphilimines R,S>NR’ (Mann and Pope, /., 1922, (21, 
1052; Tarbell and Weaver, ]. Amer. Chem. Soc., 1941, 68, 2039), where resonance stabilisation 
of this type cannot occur 

Compounds of the type (I) have not previously been described although it is logical to 
expect them to arise by oxidation of sulphilimines. The name “ sulphoximine ™ is adopted 
for the class of compound; * the toxic factor from nitrogen trichloride-treated proteins may 
be designated “ methionine-sulphoximine.” 

The present communication describes the synthesis of dimethylsulphoximine (1; 
RK = CH,).* 


cH, (Iv.) 


Clark, Kenyon, and Phillips (/., 1927, 188) attempted the oxidation of (III) with perhydrol 
but obtained only toluene-p-sulphonamide and the corresponding sulphone. The compounds 
(IV; R « C,yH,, C,H,), which are stable to hydrogen peroxide, can be oxidised to (V; K = C,H,, 
C,H,) by means of alkaline permanganate (idem, ibid, 1930, 1225). In the present case, 
dimethylsulphintoluene-p-sulphonylimine (toluene-p-sulphondimethbylsulphidimide) (VI) is 
found to be oxidised by means of neutral or alkaline permanganate to toluene-p-sulphondi- 
methylsulphoximide (Il; RK = CH,); prolonged treatment with permanganate oxidises the 
methyl group of the toluene radical giving p-carboxybenzenesulphondimethy|lsulphoximide 
(IL; R = CO,H) 

With concentrated sulphuric acid at room temperature overnight or on the steam-bath 
after 5 minutes, (Il; R — CH,) undergoes hydrolysis yielding (1; K — CH,) as the principal 
product. Smal] quantities of dimethy! sulphone may also be formed by the second mode of 
hydrolysis but, if so, the amounts formed have not been sufficient for characterisation in the 
present case 

(1; R = CH,) is obtained in 30—40% yield as a low-melting, hygroscopic solid. It is 
conveniently characterised by means of its crystalline picrate which is more easily purified 
than the free base. 


* The name sulphoximine ™ for the class of compounds typified by (I), su ested to one of the 
authors (H. R. KB.) by’ Sar Robert Robinson, to an sbbeevinted fone of ” cuiphouidianine.” 











2082 Glazer, McRoberts, and Schulman: The Preparation of 


EXPERIMENTAL. 


dimetayiswlph ¢-—A mixture of dimethyleulphintoluene-p — oe ee 
) in “aqueous sodium npavenide (3% w/v; 3% ml) and potassiom germaageante (10-0 ¢ 
hot water (0 ml.) was heated for 5 minutes on the steam-bath. The mixture was then 
The white solid was collected, washed thoroughly with water, 
(50% w/v; 100 ml.), collected, washed with 
water, and dried = T oluene-p-sulphondsmethylsul ; R = CH,) crystallised from water as 
flat colourless needles, m. p. 167—169" (8-0 g.. 76%) (Found: C, 43-7; H, 54; N, 60. C,H,,O,NS, 
requires C, 43-7, H, 63; N, 57%). 








| heleutoab de—A mixture of 4 twerlanIehint p ‘ 


Carbomyt , as - 
teins (94 ¢.fand 10m te (3-0 Seta Nin wakes $00 al) ee telied tor 10 eaktotetena 
mixture then cox end chtaced ett eulghus tomde. The crude dried reaction product melted over the 
range 160-.200° and was ly soluble with effervescence in aqueous sodium hydrogen carbonate (5% w/v. 
4) mi.). The insoluble fraction crystallised from water as colourless needles, m. p. 165-167" alone or 
mixed with a specimen of toluene-p-sulphondimeth yleu ximide. Acidification of the sodium 
hydrogen carbonate solution = p-carbosy isulph de (Il; R = CO,H) asa 
white precipitate. This was collected, ee with water and was obtained after Yo ne from water 
as colourless needles, m. p. 256° (Found , 362; H, #1; N, 49. C,H,,O,NS, requires C, 39-0; 
H, 40; N. 61% 


Dimethylsulphoaimine —A mixture of the toluene-p-sulphonyl compound (160 g.) and sulphuric 
acid (d 1-64, 25 ml.) was heated for 5 minutes on the steam-bath, and the mixture then cooled and 
diluted cautiously with water (250 ml.). The solution, neutralised with sodium hydrogen carbonate, 
was concentra’ to small volume ‘ander diminished re on the steam-bath, and ethanol (250 ml.) 
added to the residue. The ethanol solution, Gitered free from salts, was again concentrated and a 
further quantity of salts removed similarly, the final ethanol — being evaporated to dryness and 
the dry residue extracted with hot dry benzene (2 =x 100 mi = ation of benzene under diminished 
cam lett dimethyloulphoximine as a pale brown oil ( eg %) which crystallised on cooling 

edistilled, the product was obtained as a colourless oil, b. 140° (bath temp.) /15 mm.., solidifying 
to a Te gr solid, ‘- 5253" (Found: C, 264; H, 75; N, 13-7. C,H,ONS requires C, 25-8; 
H, 7-5; N, 16-0%) be dey product is deliquescent 








Rquimelocular amounts of the free base and picric acid in water give a Yay crystallising from 
Cc, 3 


water as long orange-yellow needles, m . 182—184" (Found 


p 5; H, 31; N, 166 
€,H,ONS,C,H,OLN, requires C, 20-8; H, 31; N, 17-4%) 


Researcn Association or Barpisn Frovr Mitters, 
Cergats KRestarcn Station, St. ALBANS Received, April 14th, 1950.) 


426. The Preparation of a Stable Aluminium Dodecanoate 
(Laurate) with no Gelling Properties in Hydrocarbons. 


By |. Grazer, T. S. McRoperts, and J. H. Scnvutman 


The preparation is described of a stable aluminium dodecanoate (laurate) having no gelling 
properties in hydrocarbon solution. A consideration of its properties indicates that it is 
aluminiom trilaurate; analysis indicates a small percentage of occluded alumina. The 
absence of gelling is attributed to the absence of intermolecular hydrogen-bond cross-links 


Previous work (McRoberts and Schulman, Nature, 1948, 162, 101; Proc. Roy. Soc., A, Dis- 
cussion on Hydrocarbon Gelling, 1949) has suggested that the gelling properties of the aluminium 
soaps depend upon the existence of a hydroxy-group in the molecule. It is through the agency 
of this group that cross-linking takes place, and the resultant hydrogen-bonded network gives 
rise to the observed gelling properties in hydrocarbon solvents 

Should this be so, an aluminium tri-soap, since it does not contain a hydroxy-group, should 
exhibit no such gelling properties. It has hitherto been impossible to test this contention 
since the tri-soaps cannot be prepared by any of the known methods of synthesis involving 
fatty acids {and their alkali-metal salts) and both inorganic aluminium salts and organic 
aluminium compounds of the type AIX,, where the group X is appreciably electronegative 
An attempt has now been made to prepare aluminium dodecanoate (trilaurate) by reaction of 
lauric acid with trimethylaluminium 

EXPERIMENTAL 

Trimethylaluminium, prepared according to the method of Pitzer and Gutowsky (J. Amer. Chem, 
Soe, 1946, 6B, 2204), was treated with pure lauric acid (Veriey) in dry benzene, in the absence of moisture 
and oxygen, and the product extracted by removing the benzene and any excess of trimethymluminiom 
by distillation. The product (A) was purified by trituration with dry light petroleum (b. p. 40-—60°) 
until of constant m. p. 04° (Found: Al,O,, 10-3% The same product, m P 94°, was obtained whether 
the reactants contained excess of lauric acid or of trimethylalumimnium., t was a yellow, amorphous 
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powder which dissolved easily in benzene to give a highly mobile solution, no trace of being 
noticeable. contact of such a solution with water did not gelling ies 
vet, when the product was heated in moist acetone or dioxan, = quent goutect TL  D. 180— 220° 
(Found Eee 14-3%), was formed which exhibited strong gelling properties in benzene and light 


The ahttiien of “ hydrogen-bond forming “ organic liquids to gels of —~-_ “y- dilaurate in benzene 
and light petroleum destroyed the gel structure and produced mobility he following liquids were 
effective acetone, diisopropyl ketone, ether, methanol, and ethanol. 


Discussion 
The absence of gelling properties shown by A and the strong gelling shown by B suggests 
that the former is the tri- and the latter the di-soap. It is known that the di-soap is a strong 
gelling agent in hydrocarbon solvents. However, the analytical results are clearly not in accord 
with the theoretical values expected for these compounds : 


Compound. Al,O,, Ye found Al,O,, %. cak 
Product A meeesoudnopncanseseese &-1 for tri-soap 
: 11-5 for — 


Product A was refluxed with light sstiiiaiaas the mixture filtered, and the poene clear 
solution evaporated to dryness (Found: Al,O,, 99°). 

The high aluminium content of product A may, 4 priori, be due to the presence of the di-soap 
or methylaluminium di-soap in appreciable amount, or a small (ca. 2%) occlusion of alumina 
The absence of di-soaps is shown by the sharpness and constancy of the m. p. after repeated 
washing with solvent, and the complete lack of gelling properties. The existence of a stable 
methylaluminium di-soap is unlikely in view of the extreme instability of the known aluminium 
alkyls. For these reasons, we believe A to consist of the tri-soap containing a small amount 
of occluded alumina; such an impurity would not affect the sharpness or the constancy of 
the m.p. Should this be so, the di-soap derived (by hydrolysis) should retain the high aluminium 
content. This is borne out by the analytical results for the product B. The formation of 
visually transparent solutions by the tri-soap would indicate that the alumina is molecularly 
dispersed 

No hydrolysis takes place when a benzene solution of the tri-soap is kept in contact with 
water, the solution remaining perfectly mobile. This is in marked contrast with the di-soap 

alcoholates (McRoberts and Schulman, Joc. cit}, where 
the hydrolysis proceeds immediately on the exposure 
te traces of atmospheric moisture. The tri-soap 
would appear to be more stable than has hitherto 
been thought. Under more drastic conditions, such 
as refluxing with aqueous acetone or dioxan, the tri- 
is hydrolysed to the di-soap. This hydrolysis pro- 
duct exhibits strong gelling properties in hydrocarbon 
dispersion 
The inset type of hydrogen-bond cross-linking is 
envisaged for aluminium di-soap gels. For a stable 
hydrogen bond of the type O-H O, the inter- 
oxygen distance varies between 25 and 29 a. for 
different compounds. This requires that the cross- 
link direction, in a di-soap gel, is normal to the 
R-CO,-Ar-CO,R plane, thereby allowing sufficient 
space in the cross-link direction to accommodate the 
long-chain hydrocarbon portion of the molecule. This space conception is discussed 
in connection with a monolayer study on the formation of metal soaps (Wolstenholme and 
Schulman, Trans. Faraday Soc, 1950, 4, 475). The presence of hydrogen bonds is 
supported by the negative streaming birefringence exhibited by hydrocarbon gels of aluminium 
di-soaps (O. Snellman, Uppsala, private communication). 


We are grateful to the Chief Scientist, Ministry of Supply, for permission to publish this com- 
munication. 


Derartment oF Cottotp Scrence, 
Tue Universtry, Campripor. ‘Received, April 28th, 1950.) 
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427. The Isolation of Uridine and Cytidine from Yeast 
Ribonucleic Acid. 
By D. T. Ermone 


An improved method for the separation and isolation of uridine and cytidine from yeast 
ribonucleic acid is described. It has been shown that hydrolysis of yeast ribonucleic acid, 
using aqueous pyridine, is incomplete under the conditions used by Bredereck, Richter, and 
Martini (Her., 1941, 74,604). Appreciable deamination of cytidine occurs during the process 


Tue usual technique employed for the preparation of nucleosides from pentose nucleic acids 1s 
that due to Hredereck ef ai. (Ber, 1941, 74, 694). Although this method affords satisfactory 
yields of guanosine and adenosine, and, by a suitable modification, a fair quantity of uridine 
also (Gulland and Smith, /., 1947, 338), the isolation of cytidine has proved difficult. Thus 
Galland and Smith (/., 1048, 1527) were compelled to resort to the hydrolysis of cytidylic acid, 
and Harris and Thomas (J., 1948, 1936) obtained extremely small yielas of cytidine after 
hydrolysis of yeast ribonucleic acid with aqueous pyridine. Loring and Ploeser (J. Biol. Chem., 
1949, 178, 439) have recently described a method for preparing the pyrimidine nucleosides by 
acid hydrolysis of yeast ribonucleic acid. Unfortunately, however, the conditions of hydrolysis 
employed caused considerable deamination of the cytidine 

It therefore seemed desirable to investigate more fully the degradative method of Bredereck 
etal. Some reference to this problem is made by Markham and Smith (Nature, 1949, 163, 250) 
who state that “ the hydrolysis of ribonucleic acid by pyridine-water is far from complete, and 
the hydrolysate contains at least seven different substances.’’ This agrees with the observations 
reported herein, since hydrolysis of yeast ribonucleic acid with 50% aqueous pyridine for 103 
hours removed only 57% of the total phosphorus as inorganic phosphate. Furthermore, 
examination of the hydrolysate by paper chromatography revealed the presence of considerable 
quantities of nucleotides 

A method, similar in principle to that described by Harris and Thomas (Nature, 1948, 161, 
931; J., 1948, 1936), was employed for the separation of synthetic mixtures of cytidine and 
uridine (Elmore, Nature, 1948, 161, 931). This has now been adapted for the isolation of these 
nucleosides from hydrolysates of yeast ribonucleic acid. Yields of uridine were of the same 
order as those reported by Harris and Thomas (loce. cit.). Although yields of cytidine were 
considerably higher than obtained by these authors, they must still be regarded as low, especially 
since Vischer and Chargaff (J. Biol. Chem., 1948, 176, 715) report that cytosine is three times as 
abundant as uracil in yeast ribonucleic acid. In agreement with Loring and Ploeser (loc. cit.) 
and contrary to the suggestion of Harris and Thomas (/., 1948, 1936), it was found that 
destruction of cytidine did not occur to any marked extent under the conditions of acid hydrolysis 
which are normally employed to remove traces of purine nucleosides. The small yields of 
cytidine may be accounted for, however, since it has been found that deamination of the cytosine 
nucleoside or nucleotide occurs during the initial hydrolysis with aqueous pyridine. Cytidylic 
acid, when subjected to these conditions, afforded an appreciable quantity of uridine, which was 
detected by paper-chromatographic examination of the hydrolysate. The extent of deamination 
may be judged from the fact that cytidine sulphate was obtained from cytidylic acid in 68% 
yield 

It has been found advantageous to delay hydrolysis of residual purine nucleosides until after 
the separation and isolation of uridine. This modification in the procedure circumvents the 
difficulty of crystallization of uridine frequently encountered, which 1s attributed to the presence 
of a small amount of gummy material formed during the acid hydrolysis 


EXPERIMENTAL 


Preparation of Uridine.—A sample of uridine, m. p. 163-165", was prepared from yeast ribonucleic 
acid by a combimation of the methods of Bredereck #4 ai. (Joc. cit.) and Gulland and Hobday (/., 1940, 
146 


Preparation of Cytidine from Cytidylic Acid.—The method employed was that due to Gulland and 
Smith (/., 1948, 1427 The yield was 68%, and the m. p. 228230" (decomp 


Preparation of ~ Zeo-Karb 215 The resin was alternately crushed in an iron mortar and sieved 
until it passed a 30-mesh but was retained by a 40-mesh size Before use the resin was freed from soluble 
polymers by subjecting it four times to the following cycle of operations treatment with 2n-hydrochloric 
acid, treatment with water anti) the washings were neutral, treatment with sodium hydroxide, and 
treatment with water until the washings were neutral. The sodium hydroxide used was 0-5n. in the 
first two, and 0-In. in the last two, cycles. Finally, the resin was treated with 2n-hydrochloric acid, 
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washed with water, and dried at room temperature. Treatment with acid ot alkali was carried out in a 
dounwand Genctien in 9 octema. FORMU "a otha nai dectiinae ban gh inane 


je deokarh 818 eyeeaite OG @) tn setae HO 0a) 

agit y tt c.c./min., and the 

ter demonstrated that cytidine was 

point,” the capacity of the resin 

for cytidine hme — BF was found to be 135 milliequive g. The column was eluted with 

0- L»-ammonia (100 c.c.), the eluate ev under reduced pressure to remove ammonia (Nessier 
test), and the solution analysed by the Kjeldahl technique. Recovery was $1%, 

Behaviour of Uridine on “ Zeo-Karb 215."—In a similar experiment it was shown that uridine was 

not retained by a column of “ Zeo-Karb 215." 


Separation of a Synthetic Misture of Cytedime and Undine —A solution (0-05m. with respect to each 
nucleoside) of cytidine (0- ted ae sere (0-61 g.) in water (50 c.c.) was passed down a column 
(56 x 12cm.) of“ Zeo-Karb "38 ) at a rate of 0-7 c.c./min MAY was washed with water 
(100 ¢.c.), and the comb and filtrate were evaporated to Oe yielding crystalline 
uridine (0-608 g., 99-8%), m. p. 10 165° (Found : N, 11-5. Cale. for C,H,,O,N, : N, 11-56%). 

The column was eluted with 0-1N-ammonia (100 c.c.), and the eluate oumpeniesd es ag erg 
crystalline cytidine (0-433 g., 71%), m. p. 208-211" (Found: N,17-0. Cale. forC,H,,O.N,: N, 173%) 


Preparation of Cytidine and Uridine from the Pyridine Hydrolysate of Yeast Ribonuclese Acid —Yeast 
ribonucleic acid (100 g.) was hydrolysed with 50% aqueous pyridine by the method of Bredereck ¢4 al. 
(lec. ctt.), and the gu and were removed as described by these authors. Yields of 
guanosine were 10—14 g. and of adenosine 6—11 g 

The mother- liquors were diluted to 1500 ¢.c. and passed down a column (25-5 x 30 cm.) of * 

Karb 215” (90 g.) at a rate of 1-2 ¢.c./min _ The column was washed with water (700 c.c.), ae the 
combined percolate and h were evap d under reduced retoasyrup. After evaporation 
once with alcohol, the syrup solidified to a brown mass of crude uridine which was a from 
95% alcohol (yield, 16-65g.). Recrystallized from 95% alcohol, it (11-05 g.) had m. p. 163-6166" alone 
or on admixture with a sample of uridine prepared 4 the Gulland-Bredereck procedure, (a)f + 9-6° 
(c, 20 in water) (Found: C, 44-7; H, Pata N, 11-5. Cale. for C,H,O,N,: C, 443; it. 49; N, 
11-85%). 

The column was eluted with 0-1n-ammonia (5 1.) and the eluate eva ted under reduced pressure 
to 200 c.c. Sulphuric acid (2-2 ¢.c.) was added, the solution was hea’ under reflux for 1-5 hours and 
cooled, and purines were precipitated by the addition of hot silver sulphate solution. Silver purines 
were filtered off and washed twice with cold water, and the comb wash and filtrate evaporated 
under reduced pressure to 500 c.c. Silver ions were removed by hydrogen sul; and, after aeration 
of the solution, barium hydroxide was added to pH 22-24. Barium sulphate was filtered off and 
washed with hot water, and the combined washings and filtrate were evaporated to 60 c.c. Boil 
alcohol was added to the hot solution until crystallization commenced. The —- sulphate obtat 
(3-65 g.) had m. p. 224-225" (decomp.), [ajf¥ +37-5° (c, 1-5 in 1% aqueous sulphuric acid) ae Cc, 
37-2; H, 6-13; N, 145. Cale. for (C ‘H.O, N,), H,SO,: C, 370; H, #8; N, 146%). A second 
preparation gave 3-96 g. of cytidine sulphate. 


Cytidine sulphate (2 g.) was converted by the method of Gulland and Smith (/., 1948, 1527) into the 
free nucleoside (1-30 g.), m. p. 212-—215° (u on admixture with cytidine prepared from cytidylic 
acid), {a}? +34-2° (c, 20 in water) (Found: C, 447; H, 6-3; N, 17-2. Cale. for C,HyO,N,: ©, 44-4; 
H, 5-35; N, 17-3%) 


Behaviour of Cytidine in Botling 2% Sulphuric Acid.—Cytidine (0-3 g.) was heated under reflux in 
2% w/v sulphuric acid (20 c.c.) for 2 hours. The solution was cooled and tested with Nessler's solution. 
A yellow colour was noticeable but no precipitate eg showing that deamination of cytidine had 
not occurred to any marked extent under these cond 

Behaviour of Cytidylic Acid in Boiling 90% Aqueous Pyridine.—Cytidylic acid (1 g.) was heated under 
reflux in 50% aqueous pyridine (50 c.c.) for 100 hours (extent of hydrolysis, §2%). The solution was 
chromatographed on acid-washed Whatman No. | filter —= (Hanes and Isherwood, Nature, 1049, 164, 
1107), using fert.-butanol-pyridine—water abe 15 ; 25) , cytidine, and uridylic and cytidylic 
acids were used as markers. The chromatogram was examined by photogra hing it in ultra-violet light 
on Ilford Reflex Document Paper No. 50 ( ov ten and Smith tochem. J., 1949, 45, 204) 
Pronounced spots corresponding to welding (Ry 0-67) and cytidine (Rp 0-51) and a fainter one corre- 
sponding to cytidylic acid (Rp 0-24) were observed. 

Chromatographic Examination of the Aqueous Pyridine Hydrolysate of Yeast Ribonucleic Acid. —Y east 
ribonucleic acid (1 g.) was heated under reflux in 50% aqueous pyridine (60 c.c.) for 103 hours (extent 
of He iy 57%). The solution was chromatogr aphed as above. Guanosine (Hg 0-51), adenosine 

59), cytidine | (Rp 0-51), uridine (Ry 0-67), guan ‘ke acid (Ry 0-26), yeast adenylic acid (two spots; 
re values, 6-24 and 0-30), cytidylic acid (Ry, 0- haf and orid lic acid (Ry 0 638) were used as markers. The 
hydrolysate gave five spots with Ry values 0-24, 0-34, 0-52, 0-59, and 0-66 
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428. The Relation between the Constitution of Arsenicals and 
their Action on Cell Division. 
By Hazotv Kino and R. J. Luproxp. 


Sunce cacodylic acid is a mitotic poison some homologues and other readily accessible types 
of aluphatic arsenical were synthesised and their action on living cells was examined by a tissue- 
culture technique. Two main types of mitotic aberrations were found, dependent on whether 
the action was primarily on the spindle (*' colchicinic effect ‘") or on the chromosomes 


Ir has become customary to apply the term mitotic poison to any substance capable of 
bringing about aberrations of mitosis in animal or plant cells. Mitotic poisoning of mammalian 
cells has acquired practical significance in the search for chemotherapeutic agents capable of 
inhibiting malignant growth. 

Dustin and his collaborators first directed attention to the profound disturbance of cell 
division which followed the injection of arsenicals into mice (Piton, Arch. Int. Med. Exp., 1929, 
5, 355; Dustin and Piton, Bull. Acad. Roy. Med. Belg., 1929, 9, 26; Dustin and Grégoire, 
Compt. rend. Soc. Biol., 1933, 114, 1956; Bull. Acad. Roy. Med. Beig., 1933, 13, 585). Cacodylic 
acid was the most potent of the compounds investigated [(others were arsenious oxide, methy!- 
arsonic acid, and aminophenylarsonic acid (atoxy!)) and it also stimulated mitosis in cells of the 
crypts of Lieberkiihn and of transplanted tumours. The chromosomes of dividing cells were 
described as being clumped together in the middle of each cell and being surrounded by clear 
ardematous-looking cytoplasm. 

Interest in the arsenicals became diverted by the discovery of the unique mitotic poisoning 
properties of the alkaloid colchicine. By employing the tissue-culture technique, Ludford 
(Arch. Exp. Zellforsch., 1936, 18, 411) showed that the cytological actions of colchicine 
and cacodylic acid were identical. Both substances arrested mitosis at metaphase by preventing 
the formation of the mitotic spindle 

Owing to the complexity of the colchicine molecule it seemed to us that, for investigating the 
relation between chemical constitution and mitotic poisoning, arsenicals would provide an ideal 
class of compound. In this investigation attention has been confined to the following : 
(i) methyl-, propyl-, butyl-, benzyl-, and 2-phenylethy!-arsonic acids, R-AsO,H,; (ii) dimethyl-, 
diethy!-, and dibutyl-arsonous acids, R,AsO(OH); and (iii) 3-ethylamino-, 3-propylamino-, 
3-butylamino-, 3-benzylamino-, 3-2’-phenylethylamino- and 3-cyclohexylamino-propylarsonic 
acids, R-NH-(CH,),"AsO,H, 

Tissue cultures of mouse fibroblasts have been employed. The compounds were either 
applied to the cultures after active growth had commence or introduced into the media at the 
time of preparing the cultures, as neutral solutions in distilled water. Control cultures received 
the same amount of distilled water 

Most of the substances examined exhibited a mitotic poisoning over a relatively small range 
of concentrations. With each the aim has been to determine the concentration at which it 
interferes with the normal course of mitosis without appreciably damaging “‘ resting cells.” 

The mitotic aberrations observed were of two main types, determined by whether the action 
was primarily on the mitotic spindle or on the chromosomes. The former results in the arrest 
of mitosis at metaphase, with the chromosomes either scattered throughout the cytoplasm or 
forming a cluster in the centre of the cell. This is the characteristic effect induced by colchicine 
Of the substances listed below only dimethyl- and diethyl-arsonous acids and the thioarsinite 
formed from the former and cysteine have induced this mitotic aberration specifically. The 
action of the other arsenicals on the chromosomes is manifested by their distortion and fusion 
Irregularities in the separation of the chromosomes to opposite poles of the mitotic 
spindle are extremely common. Chromosomes exhibit “ stickiness,"’ resulting in ‘‘ bridges."’ 
Occasionally fragmentation is seen. Fusion of chromosomes may occur at metaphase or during 
anaphase. The most intense mitotic poisoning results in fusion of chromosomes at late 
prophase, thereby completely arresting mitosis 

The relative activities of the arsenicals examined were as given in the Table 

The following N-substituted derivatives of 3-aminopropylarsonic acid exhibited varying 
degrees of mitotic activity in dilutions between 1 /10,000 and 1/25,000 : NN-dimethyl, N-methyl, 
N-ethyl, N-butyl, N-hexyl, N-cyelohexy!, N-benzyl, and N-2-phenylethyl. The last two 
were the best mitotic poisons in this group. One tervalent arsenical of this type was tested, 
namely, 3-(1-phenylethylamino)propylarsine dichloride, which was active at 1/100,000. 
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Me,AsO(OH) —........--..6. . Cytological action similar to that of colchicine. Marked activity 
diletions of 1 50,000—1/75,000. eT ee 
BA AGITED ocecvececscrsresensconses Baeuwbe 2 extetio paisan enensntyts 
up to 1/100,000. 
Inactive within the range of dilutions used. 
Make S- CH CHIN) CO,i .. Better mitotic poison at 1/100,000 than cacodylic acid 


compounds act primarily on the chromosomes. The mitotic aberrations are not 
™ type 


Active over a wide range of concas. 1/50,000-1 / 200,000 
Inactive within the range of dilutions employed 
Comparable activity at fore 

1/75,000 


NH c oH ¥ “ASO(OH), . 1 /10,000—1 /25,000 


Preparation of some of the arsenicals used in this investigation is described in the 
Experimental section. We are indebted to Professor F. Challenger of Leeds University for a 
gift of propylarsonic and diethylarsinic acids. 


EXPERIMENTAL. 


3-n-Butylaminoprofylarsonse Acid Hydrochionde.—-3-Chioropropylarsonic acid (6-07 n-butyl 
amine (17-6 c.c.), and alcohol (40 c.c.) were boiled under reflux for 12 hours. Alcohol chol and free butyl. 
amine were then removed by distillation, and complete removal! of butylamine effected by addition of 
w-sodium hydroxide (10 c.c_) and distillation to dryness under reduced pressure. 3n-Hydrochloric acid 
(10 c.c.) was added and the solution again eva ted to dryness and finally extracted with absolute 
alcohol to remove sodium chloride. The alcoholic solution on concentration deposited glistening leaflets 
of 3-n- Wee poe acid . me ee °; 7¢-). — bh on recrystallization from boiling alcoho! 
at > rte a (Found : C, 30-8; H, N, 48. C,H,O,NAs, HC! requires C, 30-6; H, 70 

, 51%) 

3-n- te ya pery eee Acid Hydrochloride (cf. Gough and King, J. 1928, 2426).—»-Propy! 
amine (1)-0 g.) and 3 “yg acid (5-7 g.) were heated without extra solvent on the water 
bath for 15 hours. The tree propylamine was distilled off and the residue treated as above 
3-n-Propylaminopropylarsonic acid hydrochloride separated as microscopic plates which on crystallization 
from the minimum volume (5-5 parts) of boiling absolute alcohol gave the pure salt (2-66 g.), m. p. 210 
in agreement with previously recorded data. 


3-Ethylaminopropylarsomic Acid Hydrochloride.—-3-Chloropropylarsonic acid (6-07 g.) and alcoholic 
ethylamine solution (24-3 g. of 33%) were heated in a sealed tube for 16 hours at 100°. Excess of ethy!- 
amine was removed by distillation under reduced pressure in the presence of strong aqueous sodium 
hydroxide, and the required Aydrochloride was isolated from the neutralized solution by extraction with 
absolute alcohol and addition of acetone (yield, 3-0 g.). It crystallised from absolute alcoho! in silky 
leaflets which, air-dried, melted indefinitely between 100° and 120° (Found: loss at 100°, 2-6 

5H ,,0,NAs,HC1,0-5H,0 requires H,O, 3 i % Found, on anhydrous salt. C, 23-9; H, 62; Cl, 13-9 
CH O'NAs.HCl requires © 262; fei. ta, Ie. 3%) 


3-Bensylam yn Acid peoadncbony 3-C ye larsonic acid (6-08 000 5.) ), benzylamine 

(19-5 c.c.), and absolute alcohol (20 c.c.) were boiled for 18 rs. When the reaction product was 

worked up as described above, benrylammmopropylarsomic acid hydrochloride (3-88 g.) 

alcoholic solution and on crystallization from the minimum volume (70 c.c.) of boiling absolyte alcohol 

formed clusters of soft needles (3-45 g.), m. p. 240° (effervescence) (Found. C, 300; H, 58; N, 45 
C gH, .O,NAs, HC! requires C, 35-8; H, 5-6; N, 45%). 


3-(2-Phenylethylamino) propylarsonic Acid Hydrochloride.---3-Chloropropylarsonic acid (5-66 g.) and 
2-phenylethylamine (20-3 g.) were heated on a vigorously boiling water-bath for 15 hours. »-Sodium 
hy droxide (50 c.c.) was added and the solution extracted exhaustively with ether. The aqueous solution 
was then made just acid to Congo-red paper by n-hydrochloric acid and then evaporated to dryness 
The residue was extracted with boiling dbestate alcohel, and on concentration of the extract 3-(2-prenyi- 
cthylamino)propylarsonsc acid hydrochloride (7-0 g.) separated. It crystallized from the minimum volume 
(130 c.c.) 3 boiling pe alcohol = Ly ry r. e 247—248° with resolidification to the anhydride 
| 
au 


Found: ¢ , 40-8; H, N, 45; , 23-5 ssO,N As, HCl requires C, 40-8; H, 68; N, 43; 
As, 23 2%). 


3-cycloHesylaminopropylarsomc Acid Hydrochloride.—3-Chioropropylarsonic acid (607 g.) and 
cyclohexylamine (20-7 c.c.) were heated on the vigorously boiling water-bath for 24 hours. Unchanged 
cyclohexylamine having been removed by ether extraction from the solution made strongly alkaline, the 
aqueous solution was neutralized to Congo-red paper and evaporated to dryness. The required 3-cyclo- 
hexylaminopropylarsomu acid hydrochlonde (6- ry was extracted with absolute alcohol. It required 
3 volumes of absolute ethyl alcohol for suaryenientien and rated in clusters of small pointed 
needles, m. p. 172—173° (Found: C, 363; H, 76; N, 47. C,H,,O,NAs, HCl requires C, 36-8; H 
70; N, 46%) 

6s 
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2-Amimo-2-carbos yethy! Dimethylthioar smile —C hydrochloride (4-73 g.) and cacodylic acid 
(eg. ©3 mol.) were each dissolved in water (10 ¢.c.) and the solutions mixed Some heat was 
and after 6 minutes cystine began to sep »-Sod hydroxide solution (30 cc.) was then 
added, with cooling. Finally the solution was saturated with carbon dioxide and kept for 12 hours. 
The cystine (2-4) was collected. On concentration of the filtrate im vacuo over sulphuric acid, 2-amsno- 
2 arbosyethyl dimethylitoar simite ee eed cies. a It crystallized from 
wate © 9-0) tn chieing centien, =p. 50-20 came) Come c H, 66; N, 67; S, 13-6. 
oH sO NSAs requires C, 266; H. 5-4; N, 62; S, 142%) This thioarsinite slowly dissolves in sodium 
hydrogen carbonate solution and then gives no nitroprusside reaction, but if dissolved in sodiam 
hydroxide solution it gives a strong reaction. 

Benrylarionic Acid. — This acid was by the method of Quick and Adams (/. Amer. Chem. Soc., 
1922, 44, 811) who give m 167.168", but in our hands it always had m. p. 196-—197° (Found: C, 
304: H.40. Cale forC iHho,As C, 38-9; H, 42). Dehn and McGrath (/. Amer. Chem. Soc., 1906, 
28. 354) also give m. p. 16 

2- Phen ylethylarisonsc howd ~—Phenylethy! bromide (18-5 g.) and arsenious oxide (9-9 g.), dissolved in 
10n-sodium hydroxide solution (30 c.c.), were boiled with vigorous stirring for 28 hours. The solution 
was extracted with ether, to remove unchanged phenylethy! bromide, and neutralized to litmus, and 
oo arsenious oxide asneres When the filtrate was made acid to Congo-red paper, phenylethylarsontc 


acid (3-0 &. ) ated ———_. from boiling water (50 c.c.) in thin hexagonal plates, m. p. 153° 
(Found “2. H, +5 oH, ,O,As requires C, 41-7; H, 48%) 


Nationwat Inermrurs ror Mepicat Researcu, and 
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429. Experiments on the Interaction of Hydroxy-compounds and Phos- 
phorus and Thionyl Halides in the Absence and in the Presence of 
Tertiary Bases. Part VIII. 


By W. Geeezarp, A. Necuvartar, and Barpara M. Witson. 


tert.-Butyicarbinol (neopenty! alcohol) interacts readily with thionyl and phosphorus 
chlorides, thereby forming the chloro-esters, RO-SOCI and Ro-PC,. In an etherea) solution 
containing pyridine, thionyl chloride effects an almost quantitative precipitation of pyridine 
hydroc lorie and the formation of the sulphite, (RO),5O. In a similar way, the phosphite, 
(RO), PHO, was isolated in the phosphorus trichloride system, and —a? experiments 
with phosphorus tribromide with the oxyhalides of ph 8 are described 

Halogen and the hydrogen phosphite afforded the ogenophosphates, (RO), POC, 
(RO), POBr, and, although chiorine reacted with the sulphite, definite information as to the 
consequences have not yet been obtained. 

Therefore, although these experiments provide further evidence of the reluctance which fert.- 
buatylearbinel shows towards replacement of the hydroxyl group by halogen, presumably 
because this involves a sterically hindered “ end-on " approach to the alcoholic carbon atom, 
they demonstrate a ready response to four-centre “ broadside “’ reactions concerning the 
oxygen-—hydrogen bond 


A REMARKACLE observation was made by Dostrovsky, Hughes, and Ingold (/., 1946, 173) that 
tert.-butylearbiny| bromide (meopentyl bromide) showed little response to the Syl ethoxylation 
mechanism, in accordance with its constitution as a primary bromide but nevertheless 
demonstrating a rapid damping of the influence of the three methyl groups attached to the 
carbon atom adjacent to the reactive one. More remarkable, indeed, was the observation that 
the rate constant for the Sy2 mechanism was extremely small, the activation energy being 
abnormally large. This reluctance has been explained in terms of steric hindrance to end-on 


approach of the entering group, HO ----C-— - - + Br 


! 

Whitmore and Rothrock (J. Amer, Chem. Soc., 1932, 54, 3431) had previously drawn attention 
to the resistance which fert.-butylcarbinol shows to replacement of its hydroxyl group by a 
halogen atom through the agency of, ¢ g., thionyl! chloride and phosphorus tribromide. 

Therefore it appeared of interest to study what we term the “ broadside" (four-centre) 
reactions of fert.-butylearbinol with inorganic halides, such reactions being concerned with the 
link between the oxygen and the hydrogen atom of the hydroxy! group. 

By the addition of the alcohol to thionyl chloride, tert.-butylcarbinyl chiorosulphinate, 
RO-SOCI, was readily formed. Addition of either this product (1 mol.) or thionyl chloride 
(05 mol.) to an ethereal solution of the alcohol (1 mol.) and pyridine (1 mol.) gave rise 
immediately to di-tert.-butylearbiny! sulphite, (RO),SO, and pyridine hydrochloride. Further- 
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More, interaction between the sulphite and thiony! chlonde occurred, and the chlorosulphinate 
was formed. These reactions are depicted as “ broadside" reactions, and for this type éert.- 
butylearbinol behaves as does, ¢.g., butan-1-ol (Gerrard, /., 1939, 99; 1040, 218) : 


© 


Gerrard suggested that pyridine facilitates this process by formation of the hydrogen bond, 
ROH-NC,H,, and Cleverdon and Smith (Chem. and Ind., 1948, 29) have obtained dipole-moment 
evidence of the formation of this bond. 

The behaviour of the chlorosulphinate on being heated with a small amount of pyridine 
hydrochloride was very different from that of a number of chlorosulphinates examined by French 
and Gerrard (/., 1949, 3326). Instead of a clean and smooth conversion into the chloride, RCi, 
and sulphur dioxide at a relatively low temperature (60—70°), the chlorosulphinate showed a 
reluctance to decompose even at 110°. The products obtained were thiony! chloride, the sulphite 
(RO),SO, and what was most likely a mixture of f#rt.-amy! chloride and fert.-butylcarbinyl 
chloride. Although the sulphite readily absorbed a molecular proportion of chlorine (cf. Cross 
and Gerrard, /., 1949, 2686) there was no definite evidence available to indicate that the reaction 
had proceeded by the sequence : 


i.) ) o 
R-O. 4 R—r 4 A 

\S:4-LI—€ ee ee Sl -—»> ROS—Cl+ RC 
R—-O Che RO * % 
‘> 


Tri-tert.-butylcarbinyl phosphite was the main distilled product of the interaction of the 
alcohol (1 mol.) and the trihalide (0°33 mol.) in the presence of pyridine (1 mol.), although it 
was contaminated by a little of the hydrogen phosphite. The precipitation of the pyridine 
hydrohalide was rapid in ethereal! solution, and the behaviour of the system was similar to that 
of the butan-1-ol system (Gerrard, J., 1940, 464) 

There is evidence (Gerrard, loc. cit.; J., 1944, 85; 1045, 848) for believing that in the 
examples of such alcohols as butan-1-ol and octan-2-ol, the chloride RCI is formed by the rapid 
interaction of hydrogen chloride and the tri-ester which are formed during the primary reactions 
occurring between the alcohol (1 mol.) and the trichloride (0°33 mol.). This rapid attack very 


probably follows the course: (RO),P: + HCl.----- Cl” + (RO),P:H ----> CIR + (RO),PHO 
Subsequent dealkylation of the phosphite is slow at room temperature, presumably because the 
* lone-pair mechanism is no longer available. It is interesting to find that, in the example of 
tert.-butylcarbinol, the interaction with phosphorus trichloride or tribromide (0°33 mol.) leads to 
the isolation of the phosphite as the main product, no halide RX being found. 

When the alcohol was added to excess of trichloride, fert.-butylcarbiny! dichlorophosphinite, 
RO-PCl,, was isolated in 80% yield 

The phosphate, (RO),PO, was obtained by means of phosphorus oxychloride or oxybromide, 
in the presence of pyridine 

Interaction of chlorine and the tri-n-butyl phosphite was studied by Gerrard (loc. cit.) 
McCombie, Saunders, and Stacey (J., 1945, 380) have shown that halogens readily with 
hydrogen phosphites to give the halogenophosphate (RO),POX and hydrogen pélide (cf 
Gerrard and Philip, Research, 1948, 1, 477). End-on approach to the carbon stom is not 
involved, and we readily obtained di-tert.-butylcarbinyl dichloro- and dibromo-phosphonate. 
These afforded the phosphate, (RO),PO, by interaction with alcohol and pyridine. 

As Dostrovsky, Hughes, and Ingold (Nature, 1947, 160, 901) felt that Gerrard and Nechvatal 
(idid., 1947, 150, 812) had not given the right emphasis in their interpretation of statements 
by Whitmore and Rothrock (loc. cit.), we deem it desirable to elucidate this matter now for 
future reference. 

Whitmore and Rothrock described, in some detail, evidence of interaction with sulphuric 
acid involving the replacement of the hydrogen atom of the hydroxy! group. Their evidence 
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concerning thionyl chloride was presented in such a way as to compel a reader to infer that 
neither the hydroxy! group as a whole, nor the hydrogen atom of the hydroxy! group had 
undergone reaction : the authors specifically declared that the alcohol (80%) had been recovered 
According to our experiments, those authors had the sulphite (RO),SO (0°5 mol., from | mol 
each of alcohol and pyridine) and thiony! chioride (about 0-5 mol.) in the ethereal solution after 
the initial mixing. Either the temperature of the reaction mixture was sufficiently high, during 
the period of storage, to convert a considerable amount of the sulphite into the chlorosulphinate, 
which water would hydrolyse to the alcohol, or the treatment with water (presumably given) was 
so unusually vigorous as to hydrolyse a considerable amount of the sulphite itself. In their 
phosphorus tribromide experiment, they obtained a yield of 14% of the bromide RBr; but 
apart from this, they claim recovery of the alcohol 

Therefore their statement © the inactivity of neopenty! alcohol to heat and reagents has been 
demonstrated " applied precisely to their experiment with thionyl chloride (as their evidence 
was presented) with respect both to the hydroxy! group as a whole and to the hydrogen atom of 
the hydroxy! group considered separately. To their experiment with phosphorus tribromide 
their statement applied qualitatively (inactivity replaced by low activity) to the replacement 
af the hydroxyl group, since a yield of 14% of the bromide was isolated, but again applied precisely 
to the replacement of hydrogen separately 


EXPERIMENTAL. 


Notes on Procedure -— Dry ether, kept over sodium, was used throughout. Precipitates obtained when 
fess was used in an experiment were separated by filtration kept in a vacuum for 1—2 hours 
fore being weighed and analysed, without further treatment. Unless otherwise stated, “ aqueous 
treatment “ refers to washing first with water, then with a dilute solution of sodium carbonate, followed 
by drying (K,CO,) and storage over sodium sulphate. When pyridine had been used, washing with a dilut« 
solution of sulphuric acid was carried out before treatment with the solution of carbonate 


Interaction of tert.-Butylcarbimol and Thionyl Chloride im the Presence of Pyridine —Thionyl! chloride 
(2-07 g., 046 mol.) in 15 c.c. of ether was added dropwise to a well-shaken solution of the alcohol (44 ¢ . 
i mol.) and gee (3-95 g., 1 mol.) in ether (20 c.c.) at —15°. Separation of pyridine hydrochloride 
(531 g., 921%) commenced immediately (Found: Cl, 30-2; C,H,N, 680. Cale. for C,H,N,HC! 
Cl, 30-8; C,H\N, 684%), and from the washed ethereal solution di-tert.-butylcarbdinyi sulphite (85%), 
b. p. 108°/12 mm., »ff 1-4263 (Found: SO, 26-6. C,,H,,O,S requires SO,, 28-8%), was obtained 


When 1-2 mols. of thionyl chloride were used instead of 0-5 mol. and the primary reaction mixture was 
set aside for 12 hours in order to follow Whitmore and Rothrock’s procedure in that detail, the products 
isolated were fert.-butylearbinol (0-3 g.), b. p. 30°/15 mm., and the sulphite (3-5 g.), b. p. 106-—106°/15 
mm. (from 5-0 ¢. of alcohol) 


Interaction of Di-tert.-dutylearbinyl Sulphite and Thionyl Chloride.—-Thionyl chloride (1-63 g., 1-1 
mols.) was added dropwise to the sulphite (2-77 g., 1 mol.) at —15° and agitated by a stream of dry 
nit . and the resulting mixture was then kept for | hour at 17° and for 30 minutes at 70-80". On 
distillation without aqueous treatment, tert.-butylcarbiny! chlorosulphinate (2-78 g.), b. p. 64—67° /12 mn 
(Found : Cl. 194. C,H,,O,CIS requires C), 20-8, see later), and di-tert.-butylcarbiny! sulphite (0-725 ¢ 
b. p. 102°/12 mm. (Fou SO,, 28-6%), were obtained. The chlorosulphinate fumed in moist air and 
reacted vigorously with water 


Interaction of tert.-Butylearbinol and Thionyl Chloride.—The alcohol (4-4 g., 1 mol.) in ether (15 « « 
was added dropwise to thionyl chloride (0-31 g.) at — 15°. After the mixture had been gradually (1 hour 
warmed to 70°, it was distilled, whereupon fert.-butylcarbiny! chlorosulphinate (6-9g.), b. p. 58-5°/11 mm., 
ah 1-4515 (Found: Ci, 20-7; SO, 361. Cale. for C,H, ,O. IS; Cl, 20-8; SO,, 37-6%, see previous 
experiment), and di-tert.-butylcarbiny! sulphite (0-55 g.), b. p. 102°/12 mm., n}f 1-4268, were obtained 

Inieraction of tert.-Butylcarbinol and tert.-Butylcartunyl Chlorosulphinate on the Presence of Pyridime.— 
The chlorosulphinate (2 =e . | mol.) was added dropwise to a shaken mixture of alcohol (1-32 g., 1 mol ) 
and pyridine (1:19 g., | mol.) in ether (15 c.c.) at —15 Pyridine hydrochloride (1-50 g.) (Found: C1), 
30-05; C,H,N, 68-3%) began to form immediately, and after 1 hour at 15° filtration and aqueous treat- 
ment of the ethereal solution led to isolation of di-tert.-butyicarbiny! sulphite (3-0 g , 91%), b. p. 99 
100° /10 min., »ff* 1.4268 (Pound ; SO,, 28-6%) 


Decomposttion of the Chlorosulphinate —The chlorosulphinate (5-35 g.) was heated at 70° for one hour 
with 0-03 g. (0-01 mol., approx.) of pyridine hydrochloride. On distillation of the reaction mixture, the 
hiorosulphinate (4-78 g.) was recovered. The temperature of the recovered material (again in presence 
of pyridine hydrochloride, 0-03 g.) was raised from 70° to 110° during 1 hour. A colourless liquid 
© 25 g.) distilled. Distillation of the reaction mixture at 12 mm. then resulted in the recovery of 3-0 ¢. 
of the chiorosulphinate, the sulphite R,SO, (0-3 g.) also being obtained 


The chlorosulphinate (6-0 g.) and hydrochloride (0-04 g.) were heated for 2 hours at 110°, and then 
the temperature was raised to 150° during L hour. The colourless distillate (3-25 g.), b. p. 76—-81°, fumed 
in air, and from behaviour on re-distillation and analysis appeared to be a mixture of thionyl chloride 
(1-41 g.), tert.-amy!l chloride, and fert.-butylcarbiny! chloride (total chloride, RC!, 1-66 g.). The chloride 

RCI) distillate was dissolved in ether and given aqueous treatment. A distillate (1-5 g.), b. p. 83-—84 
(Found: C, 566; H, 104; C1, 31-7. Cale. for C,H,,Cl: C, 56-3; H, 10-3; C), 33-3%), was obtained. 
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From hydrolytic behaviour of this material in the presence of water we believe it to be a mixture of the 
two chlorides just referred to, these having very nearly the same b. p 


The residue (1-0 g.) from the primary heat treatment had b. p. 100—101°/15 mm. (Found: 50,, 
27-6%) and wes as the sulphite (RO),SO. 


When hydrochloride was omitted for the heat treatment, there was no distillate whilst the 
chlorosulphinate was ia, ale center che On the 
160° a distillate (1-3 g.), 74°, ofa 
©-5 G. of ot chlorosulphinate 


Sulphite.— After chlorine had been 
yellow, indicating excess of (unc 


inuing the process u reduced 
(+ ar (654) Treatment with water and a solution of codtum @ carbonate, 
to no improvement. 

tert pe cums and the Halides and Oxyhalides of Phosphorus in the Presence of 
Pyridine.—(1) Trichlovide Phosphorus trichloride (2:20 g., 0-33 mol.) in ether (15 c.c.) was added to a 
well-shaken mixture of the alcohol (4-4 g., 1 mol.) and p ao. FE: 1 mol.) in ether (15 o.c.) 
at —15°. Pyridine hydrochloride (5-29 g., 92%) (F ,»H,N, 685%) was formed 
immediately, and My Peay, of the ethereal solution, after FE treatment, left a residue (4-4 ¢ 
Calc. for the tri-ester, 4-8 g.) (Found: P, 10-0; no chlorine. The tri-ester C,,H,,O,P requires P, 10-6°% 
From this was obtained di-tert.-butylcarbinyl hydr nite (3-64. Sp 116—110°/13 mm., 
1-4200 (Found: P, 140. C,,H,,O,P requires P, 13° = Ay b- the filtrate from the reaction mixture 
was distilled without treatment with water, a white sol Imm. (Found - P, 11-3%), accounted 
for nearty all the alcohol used. From its behaviour with hyde hand halides, we conclude that this product 
was the tri-ester mixed with a little hydrogen phosphite 


(2) Tribromide Br, 800: Cyl ydrobromide (7-86 g.. 98-3%) (Found: Br, 480; C,H,N, 480. Cale 
for C,H,N,HBr : “0; CsHN, 49-4%) and, from the washed ethereal solution, UW. UA. 
(Found P, 10-3; Br, 0%) were obtained. Distillation afforded di-tert.-butylcarbinyl hydrogen 
phosphite (3-6 g.), b. p. 115—117°/12 mm. (Found P, 140%). The weight of alcohol used was the 
same as in the previous experiment 


3) Oxychloride. fF orus oxychloride (2-56 g., 33 mol.) in ether (15 c.c.) was added to the 
alcohol (4-4 g., 1 mol.) pyridine (3-95 g.. J mol.) in ether (20 c.c.) at —15°. Although precipitation 
of the hydrochloride c ed it was incomplete even after 16 hours at 15 
cipitate (3-95 g., 68-5%%) (Found : Cl, 30-7 Cit, N, 68 6%) was separated, and from the washed ethereal 
solution a residue (4 35 g.) (Pound: P, 120, <i, 0° was obtained which afforded a white sublimate 
(0-3 g.), b. p. 30--40°/20 mm., a waxy solid (fri-tert lcarbinyl phosphate) (2-3 g.), b. p. 149-—152°/14 
mm., m. p. 80° (Found: P, 10-9. C,,H,,O,P requires P, 10-05%), and a brown residue 


4) Oxybromide. Phosphorus oxybromide, prepared as described by Gerrard, Nechvatal, and Wyvill 
(Chem. and Ind., 1947, 43 437 (4 00 g., 0-33 mol.), To ther (20 c.c,) was added to the alcohol (4-52 g., | mol.) 
and pyridine (4-06 g., 1 mol.) in r (2c¢.c.) at —15" Precipitation of ine teydrobromide | (7-052. 
93-4%) (Found : Br, 49-9; C,H,N, 49-5%) need ly and proceeded much more rapidly 
than with the oxychloride e¢ mixture was filtered after 2 days, and on evaporation of the washed 
ethereal solution there was left a white solid (4-7 g.) (Calc. for the tri-ester, 5-1 g.) (Found: P, 10-1; Br, 
0%), which on distillation afforded a white waxy solid, b. p. 152°/11 mm., m. p. 84-—-85" (Found: P, 
10-0%), and a residue, 0-2 g 


Interaction of Phosphorus Trichlonide and tert -Butylearbinol —(1) The trichloride (2-29 g., 0-33 mol.) 
was added dropwise to the alcohol (4-4 g., 1 mol.) at — 15", nitrogen being passed through the reaction 
vessel and thence to absorption tubes containing pellets of potassium hydroxide. Hydrogen chloride 
(0-034 g.) was evolved Guat mixing, a further 0-06 g. whilst the mixture —— to 15°, and a further 
6-165 g. whilst it was wenn to 30-60" for 15 minutes, the total weight bet heer I equivalent to 0-66 mol 
The product then yielded a sublimate of fert.-butylcarbinol (0-37 g.), b p A y— (10 mm., m. p. 45", and 
the hydrogen phosphite (RO),P-OH (3-32 g.), b. p. 109°/10 mm., nf, 1-4200 (Found : P, 13-9%) 

(2) The alcohol (1-76 g., 1 mol.) in ether (10 c.c.) was added to the trichloride (4-4 g.) at — 15°, whilst 
nitrogen was passed through the reaction oe Hyd chloride (1 mol.) was evolved when the 
reaction mixture was set aside for 3 hours at ke » minutes whilet it was warmed to 70°. Tri- 
chloride carried over was allowed for in this eg tert.-Butylcarbimyi dichlorophosphimste 
was obtained as a colourless fu’ uid (3-03 g.. 80%), p. 47-548" 10 mm., without residue 
(Found: Cl, 37-6; P, 16-4 CHOC requires. Cl, 37-6; . 16-4%) 

Interaction of Phosphorus Tribromide and tert.-Butylcarbinol.—(1) The tribromide (4-52 g., 0-33 mol) 
was added dropwise to the alcohol (4-4 g., 1 mol.) at — 15°, a stream of nitrogen being through asin 
the experiment with the trichloride. After the reaction mixture had been kept at 5° for 1-5 hours and 
gradually warmed (30 minutes) to 80°, the alcohol (0-5 * oR Sein oat ,m. p. 43°, the hydrogen 
aes oe &D 106—108° /9 mm., sap & Pou : P, 144%), and a residue of tar (0-64 ¢.) 

were obtained. second ‘ addition of the tribromide 
(o5 g.. ©58 mel.) dropuies 1 mol.) without solvent at —10°, was set aside for 
12 hours at A 3.« mixed with ice ice (wash-water contained 0-0064 ¢ of P), and ~ os 
pressure, the being slowly raised to 100°. eu 
be a mixture of the two RBr, was collected. The residue (3 
) had b. p. 120° /20 mm. and distilled completely. 


Senentiintnnasiediiiaans Halides and the Phosphorous E ster — Passage of hydrogen chloride 
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into the solid tri-ester, obtained as described, resulted in the rapid formation of the hydrogen phosphite, 
bot it was aot clear whether chioride RC) was formed. 

iG Sone bromide and of bydrogen iodide through the “ phosphite ” product (44 g.) 
obtained by distillation after water treatment led to fert.-amy! bromide (0-3 g.), b. p. 110—-115° (decomp.), 
and tert.-amy! iodide (0-1 g), b. p. 122°, but the balk of the material was recovered as 
hydrogen phosphite. When hy bromide was passed through recovered hydrogen phosphite 
at 15°, no tert_-amy! bromide was , the balk of the hydrogen phosphite being recovered 

Chlorine was passed into the hydrogea phosphite (4 .) at room temperature for 15 minutes, after 
which the | During this , the liquid became warm, and hydrogen chionde 
was evolved ds-tert. pwy? 5) , (RO), POCI 
(oes » p 15-120°/12 mm., 90° /2 mm., m. p. 42-5", was asa white (Found : Cl, 13-4. 
CyHyOOiP requires Cl, 13-86%) 

This estes (25 g.. 1 mol.) im ether (10 c.c.) was added to ethyl alcohol (08 g.) and gyatine 
(1-5 g.) in ether (10 ¢.c.) at —10 Prectpitatien of pyridine hydrochiorule commenced during the drop- 
wise mixing and appeared to be well advanced after a deve minutes. The mixture was set aside for 2 days, 
bowever, before Tivation Pyridine hydrochloride (0-76 g.) (Found: Cl, 30-3; C,H.N, 67-5%) was 
eye and from the filtrate a liquid (1-6 «.), b. p. 83-5°/) mm., and a residue (0-3 g.) were obtained. 

m tert.-batylcartinol was used instead of ethy! alcohol, the rate of precipitation of pyridine hydro- 
chioride was mach shower, and was incomplete after 2days. Unchanged alcohol yas ), b. p. 38°/22 mm., 
unchanged chiorophosphonate (6-46 ¢.), b. p. 115-—116*/12 mm, and the tri-ester, (RO), PO (0-94 ¢.),m. p. 
84° (Pound: P, 96%), were obtained 


Bromine — (36 g., 12 mols.) was passed into the hydrogen phosphite (44 g.) at room 
temperature he mixture became warm and was cooled, and hydrogen bromide was copiously evolved. 
(Found: Br, 254. C, , 

(Pound: Br,30; P, Is $e.) Addition of the te (1-58 g.) to an ethereal solution of 


pyridine and ethanol caused pyridine hydrobromide (0-73 ¢ to be precipitated mach more readily than 
the hydrochloride was precipitated by the chlorophosphonate 


Tas Norrnsean~ Potytecunic, Lowpon, N.7 [| Received, May 11th, 1950.) 


H,,0, BrP requires Br, 26-6 


Distillation afforded di-tert w+ panes m stent onde as 4 white solid (2-0 g.), b. p. 9#0°/1 mm 
nahin 


and a second white solid (1-0 g.), b. p. 160°/1 mm. 


430. The Nitration of 4-Hydrory- and 4-Chloro-3-methylquinoline. 
By A. Apams and D. H. Hey 


The nitration of 4-hydroxy-3-methyliquinoline gives mainiy 6-nitro-4-hydroxy-3-methy! 
qumoline and a smaller ca wee of $-nitro-4-hydroxy-3-methyiquinoline. From the product 
of the nitration of 4-chioro-3-methylquinoline, 4-chloro-5-nitro-3-methyiquinohme and 4-chloro- 
8-nitro-3-methylquinoline are isolated. The identity of these nitration products is proved by 
their conversion into dichloro-3-methylquineline of 2 constitution. 


Tux synthesis of some arylamino(dialkylaminoalkylamino)-quinaldines and -lepidines has 
recently been described (Adams and Hey, /., 1949, 3185). In view of the antimalarial properties 
claimed for Sontochin [7-chloro-4-(1'-methyl-4’-diethylaminobutylamino)-3-methylquinoline) 
it was considered that attention should be directed to arylamino/(dialkylaminoalkylamino)- 
derivatives of 3-methylquinoline. The present communication describes the preparation of 
some of the intermediate 4-chloro-8z-nitro-3-methylquinolines required for the synthesis of 
4-arylamino(dialky laminoalkylamino)-3-methylquinolines Although many substituted 
4-chioro-3-methyiquinolines have been described (Steck, Hallock, and Holland, ]. Amer. Chem 
Sec., 1046, 68, 120, 132, 380, and 1241: Breslow, Bloom, Shivers, Adams, Weiss, Yost, and 
Hauser, itd, p. 1232; Steck, Hallock, Holland, and Pletcher, sbid., 1948, 70, 1012; Steck and 
Hallock, #id., 1949, 71, 890) there appears to be no record of the preparation of any 4-chloro- 
nitro-3-methylquinolines. Since previous experience in the quinaldine and lepidine series had 
shown that direct syntheses from nitroanilines were unlikely to be promising, attention was 
directed to the nitration of 4-chloro- and 4-hydroxy-3-methylquinoline, which compounds were 
readily accessible from ethy! ethoxalylpropionate and aniline by the method described by Steck, 
Hallock, and Holland (sbid., 1946, 68, 129) 

Nitration of 4-hydroxy-3-methylquinoline (I), by using a mixture of concentrated nitric acid 
and sulphuric acid at 0—5°, proceeded smoothly and gave a mixture of nitro-4-hydroxy-3- 
methyiquinolines in 83%, yield, from which two pure isomerides were obtained. The greater 
portion (isolated as 76%, of the mixture), m. p. >360°, which was almost insoluble in alcohol, 
proved to be 6-nitro-4-hydroxy-3-methylquindéline (II). The lesser portion (isolated as 21% 
of the mixture), m. p. 230-—241°, which was readily soluble in alcohol, was 8-nitro-4-hydroxy-3- 
methyiquinoline (III). The structure of (11) was proved by its conversion, on treatment with 
phosphorus oxychloride, into 4-chioro-6-nitro-3-methyiquinoline (IV), identical with a specimen 
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prepared in smal) yield from ethyl ethoxaly! jonate and p-nitroaniline. When these 
compounds were botled in benzene solution for 48 hours and the product ring-closed im boiling 
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phenyl! ether, ethy! 6-nitro-4-hydroxy-3-methyiquinoline-2-carboxylate was formed. Alkaline 
hydrolysis of this ester gave 6-nitro-4-hydroxy-3-methylquinoline-2-carboxylic acid (V) which, 
by being boiled with quinoline and copper bronze (cf. Kermack and Weatherhead, J., 1940, 1168), 
was decarboxylated to give (II). Treatment of (11) with phosphorus oxychloride gave 4-chioro- 
6-nitro-3-methylquinoline (IV); further confirmation of the structures was obtained by 
reduction of (1V) to the amino-quinoline which, on diazotisation and treatment with cuprous 
chloride, gave 4 : 6-dichloro-3-methyliquinoline (VI), the melting point of which was identical 
with that recorded by Breslow ef al. (loc. cit.). 

The structure of (III) was proved by its conversion on treatment with phosphorus 
oxychloride into 4-chloro-8-nitro-3-methylquinoline (VII), which was reduced to the §-amino- 
compound and converted by a Sandmeyer reaction into 4 : §-dichloro-3-methylquinoline (VIII), 
identical with an authentic specimen, prepared from o-chioroaniline and ethyl ethoxalyl- 
propionate as described by Steck, Hallock, and Holland (J. Amer. Chem. Soc., 1946, 68, 132). 

Similar nitration of 4-chloro-3-methylquinoline (IX) proceeded smoothly and gave a mixture 
of 4-chloro- nit¥o-3-methy fiquinolines in 70%, yield. Separation of the isomerides proved to be 
difficult, probably owing to the formation of a eutectic mixture which could not be separated 
by crystallisation from alcohol, benzene, light petroleum (b. p. 60-80"), or »-hydrochloric 
acid, or by fractional precipitation from an acid solution by addition of alkali. Partial separation 
of the mixture was finally achieved by distillation with steam. After two recrystallisations from 
ethyl alcohol, the solid portion of the distillate gave 4-chloro-5-nitro-3-methylquinoline (X), 
whilst purification of the distillation residue gave the 8-nitro-compound (VII), identical 
with that previously described. The structure of (X) was proved by its reduction to 

4-chloro-5-amino-3-metkylquinoline and subsequent conversion by the Sandmeyer reaction 
- 4: 5-dichloro-3-methylquinoline (Xl), identical with an authentic specimen. The latter 
as prepared from ethyl ethoxalylpropionate and m-chloroaniline, as described by Steck, 
Hallock and Holland (ibid., p. 380). No 4-chloro-6-nitro-3-methylquinoline was isolated from 
the nitration mixture. 

Treatment of (II) with alkali and methyl sulphate gave 6-nitro-1 : 3-dimethyl-4-quinolone. 
On the other hand, when (IV) was boiled with a solution of sodium methoxide in methy! alcohol 
6-nitro-4-methoxy-3-methylquinoline was obtained. By heating (IV) with p-chloroaniline, 
6-nitro-4-p-chloroanilino-3-methyiquinoline was formed, which was reduced with stannous 
chloride and concentrated hydrochloric acid to 6-amino-4-p-chloroanilino-3-methyiquinoline 

The formation of ethyl 6-nitro-4-hydroxy-3-methylquinoline-2-carboxylate in low (22%) 
yield from ethyl ethoxalylpropionate and p-nitroaniline has been reported above; the overall 
yield of 6-nitro-4-hydroxy-3-methylquinoline was only 5%. The reaction between ethyl 
ethoxalylpropionate and m-nitroaniline gave a mixture of esters in 11% yield from which was 
isolated ethy! 5(or 7)-nitro-4-hydroxy-3-methyliquinoline-2-carboxylate. No 
ester could be isolated from the product from ethyl! ethoxalv propionate and o-nitroaniline 
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It is well-known that the reaction between aniline and ethy! acetoacetate gives either ethyl! 
$-anilinocrotonate or acetoacetanilide according to whether low- or high-temperature conditions 
are employed. The crotonate may be cyclised above 250° to 4-hydroxyquinaldine (Conrad and 
Limpach, Ber, 1887, 20, 944, 047), whereas ring-closure of the anilide in concentrated sulphurk 
acid gives 2-hydroxylepidine (Knorr, Annalen, 1886, 236, 75). Ewins and King (/., 1913, 103, 
105) subsequently reported that acetoacetanilide could more readily be prepared by boiling the 
reactants under reflux for ninety seconds. It was considered of interest to investigate the 
teaction between aniline and ethyl ethoxalylpropionate at high temperatures for a very short 
period, in the hope that such conditions might provide a new route to 2-hydroxy-3-methyl- 
quinolines, but after an equimolecular mixture of aniline and ethyl ethoxalylpropionate had been 
boiled under reflux for only two minutes, the sole product isolated proved to be 2 : 5-diketo-4- 
phenylimino-!-pheny!-3-methylpyrrolidine (XII) (Wislicenus and Spiro, Ber, 1889, 22, 3351). 


EXPERIMENTAL 


4-Hydrory- and 4-Chloro-3-methyiquinoline.——4-H ydroxy -3-methyiquinoline, m. p. 231°, and 4-chioro 
3-methyiquinoline, m p. 50-60", were prepared as reported by Steck, Hallock, and Holland (/. Amer 
Chem. Sec., 1046, 6B, 131). The pom 4 ethoxalylpropionate, b. p. 117—-118°/11 mm., was prepared by 
the method described by Cox and McElvain (Org. Synth., 1943, Coll. Vol. II, p. 272) 

Nutration of 4-H ydroxy-3-methylquinoline.—The solution obtained by stirring a mixture of nitric acid 
(41-42; 49c.c.) and concentrated sulphuric acid (5-0 c.c.) into a solution of 4-hydroxy-3-methyiquinoline 
(10-6 g.) in concentrated sulphuric acid (50 cc.) at O—5°, was kept for two hours at room temperature and 
then poured on crushed ice (2000 g.). Next morning, the yellow precipitate was collected; no further 
product was obtained on making the filtrate alkaline with aqueous ammonia. The washed and dried 
product (11-3 g., 83°) was boiled vigorously with ethyl alc (500 ¢.c.) for fifteen minutes, and the 
mixture cox and filtered. Recrystallisation of a small portion of the residue (8-5 g., 76% of the 
mixture) from a large quantity of alcohol gave 6-nitro-4-hydrory-3-methyiquinoline, in pale yellow 
needies, m. p. > 360° (Found: C, 685; H, 41. C,,H,O,N, requires C, 58-8; H, 3-0%) -vaporation 
to dryness of the original alcoholic filtrate gave Too (2-4 g.. 21% of the 
mixture), which crystallised from alcohol in yellow needles, m. p. 230—241° (Found: C, 50:1; H, 3-0 
CygH ON, requires C, 58-8; H, 39%) 

6-Nitro-1 . 3-dimethyl-4-quinolone.-A_ mixture of 6-nitro-4-hydroxy-3-methyliquinoline (1-0 g.). 

tassium hydroxide (0-4 g.), water (10 c.c.), and methy! sulphate (0-7 g.) was shaken for 30 minutes 

‘ext morning the precipitate was collected, washed with water, dried, and recrystallised from alcohol 

6-nitro-1 . 3-dimethyl-4-quinoione (0-6 g.) separated in pale-yeilow needles, m. p. 263—265° (Found 
C, @-7; H. 46. C,,H,O,N, requires C, 60-5; H, 46%) 

4-Chloro-6-nttro-3-methyiguinoline —6-N itro-4-hydroxy-3-methylquinoline (8-5 g.) was boiled under 
reflux with on ~- oxychioride (50 ¢.c.) for two hours. The cooled solution was poured on crushed 
ice (1000 g and made alkaline with aqueous sodium hydroxide. The white precipitate was collected 
washed with water, and dried er from alcohol gave 4-chloro-6-ntiro-3-methyiquinolin: 
(6-0 g.) in colourless needles, mp. and mixed m 171-5° (with an authentic specimen prepared from 
P-nitroaniline as described below) (Found: C, 53-7; H, 32. C,,H,O,N,CI requires C, 53-9; H, 3-2% 


6- Nttro-4-methory -3-methylquinoline.—4-Chioro-6-nitro-3-methylquinoline (1-0 g.) was boiled under 
reflux for three hours with a solution of sodium (0-11 g.) in methyl! alcohol (cx The cooled solution 
was stirred into water (400 cc), and the needles which separated were filtered off, washed with water, 
dried, and crystallised from light petroleum (b. p. 60-—80°). 6-Nitro-4-methory-3-methyigquinoline 
(0-7 g.) separated in colourless rhombohedra, m. p. 146—-147° (Found: C, 60-0; H, 46. C,,H,,O,N, 
requires C, 60-5; H, 46%) 


4-CAloro-S-nvtro-3-methylguinoiime ——4-C hloro-8 cep oer yn proce prepared (in 92% yield) ia 
the same way as the 4-chloro-6-nitro-compound (see above) and crystallised from alcohol in colourless 
needles, m. p. 125° (Found: C, 53-6; H, 3-6. C,,H,O,N,C! requires C, 53-9; H, 32%). 


Nitration of 4-Chloro-3-methyiquinoline —4-Chioro-3-methylquinoline (8-75 g.) was dissolved slowly 
with mechanical stirring, in a mixture of fuming nitric acid (d 1-5; 30 c.c.), concentrated sulphuric 
acid (Wec.) at O—S5 The solution was heated on the water-bath for five minutes and, after two hours 
at room temperature, was poured into ice-water (1 1.). No precipitate was formed. The following 
methods were used in attempts to isolate the products 


(a) The solution was made alkaline with aqueous sodium hydroxide, and the precipitated solid was 
collected, washed with water, and dried (7-75 g., 70%; m. p. 04-07 Crystallisation from alcohol 
gave needies, m. p. 100-103", recrystallisation trom the same solvent did not raise the melting point of 
the balk of the material, but a few crystals. m. p. 125° and m. p. 141-5", were obtained from mother- 
hquors. The melting point of the main fraction was not raised by recrystallisation from light petroleum 
(b. p. 60-80"), methy! alcohol, benzene, or n-hydrochloric acid 


5) The aqueous solution was titrated with Sw-sodium hydroxide, and the precipitates collected after 
addition of 70, 130, 180, and 200¢.c. These fractions melted at 97—100°, 97-100", 90—98°, and 85 
95" respectively, and each was raised to ca. 100—-103° by repeated recrystallisation from alcohol 

\¢) The solution was made alkaline with aqueous sodium hydroxide, and the precipitated 4-chloro- 
nitro-3-methyiquinolines were collected, washed with water, and dried (7-5 g., 70%; m. p. 94—97°) 
The solid was steam-distilled for 36 hours. The solid distillate was collected, washed, and dried (2-5 g. 
m. p. 110—-130°), and two recrystallisations from alcohol gave 4-chloro-5-nitro-3-methylquinoline (1-1 g , 
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15% of the mixture) in almost colourless needles, m. p. 141.5° (Found: C, 542; H, 33. C,.H,O,N,Ci 
sequins C, 630; H, 32%). A further fraction, m. p. 100-103" (0-7 g.), was obtained from from the mother- 
The solid residue from the steam-distillation was collected, washed, dned (2-2 g.; m. p. 105—~ 

twice 4-Chloro-8- 


(0-78 g.; 11%, of the 
needles, m. p. and mixed m. p., 


with a prepared from 
A further fraction, m. p. 100-— 103° (0-8 g.), was obtained 


the Constitution of 4-C bloro-6-mstro-3-meth — Ethyl 6-nstro-4-hydrosy-3-methyi- 

2-carboryiate (cf. Steck, Hallock, and Holland, ]. Amer. Chem. Soc., 1946, 68, 131). A solution 
0-0 g.) and ethy! ethoxalylprop te (10-1 g.) in bensene (190 <.c.) wes boiled under 

. after ne ail 8% 8s (v4 The 

natien 

, and the 

yi ether (100 c.c.), and 








preci 
tne-2-carborylate (3-0 g.) was collected, washed with light 

freed from alcohol. It ted in straw-coloured needles, m. p. 274276" Found . 
CygH gO, N, requires C, 56-5; H, 44%) 

6-Niutro-4-hydroxy-3-methylquinoline-2-carborylsc acid (ci. Steck, Hallock, and Holland, loc. eit.). 
Ethyl 6-nitro-4-hyd a am 
hydroxide (50 c.c.) for a 
acid, and the precipitate collected and washed with water. Recrystallisation from 
4-hydroxy-3-mathylquinolsne-2 acid (2-3 g.) in yellow prisms, m. p. > 360° (Found : C, 
20. C,,H,O,N, requires C, 53-2 - 33%). 

+-CAlore-8-nitro-3-methylquineline (cf. Kermack and Weatherhead, /., 1940, 1168). A fae pe ae of 
6-nitro-4-hydroxy-3- pee ap wey ay ya | acid (1-1 g.), copper bronze PS oy ne uinoline 
(10 ¢.c.) was boiled under reflux for 6 hours. The cooled solution was filtered residue 
extracted —= ethy! alcohol (50 c.c.) oo ot the extract to dryness gave 6-nitro-4-hydroxy-3- 
methylquinoline (0-1 g.; m. p. >360°) as a yellow-brown powder. pen eee State ene SENS te 
water ( ¢.c.) and steam-distilled until no remained. of the 
solution to dryness gave a further yield of 6-ni' a FR @ig.; mp a0" jas 
a yellow-brown powder 


The total product (0-2 g.) was converted into the 4-chloro-compound as already described; authentic 
4-chioro-6-nitro-3-methylquinoline (0-05 g.) was obtained ‘in fawn needies, m. p. 171-5" 


4-( Aloro-€-amino-3-methyiquinoline. 4-Chioro-6-nitro-3-methylquinoline (1-6 g.) and Raney ~nicke! 
sludge (2 c.c.) were suspended in ethyl alcohol (100c.c.) and shaken with hydrogen at atm 
until a ption of hydrogen ce tely 500 c.c.). The catalyst was filtered oft and | washed 
with alcohol, and the filtrate and we ny evaporated to dryness. Crystallisation of the residue 
from alcohol gave oe a (0-5 g.) in grey plates, a 228° (Pound; C, 62-4; 
H,50. C,,H,N,CI requires C, 62-3; H, 47%). The amine dissolves in alcohol to give a yellow solution 
with a violet fluorescence 


4 : 6-Dichloro-3-methylquinoline. Copper sulphate (2-8 g ) and sodium chloride (0-05 g.) were dissolved 
in water (10 c.c.) at 56 ’”, and a solution of ium metabisulphite (1-4 g.) in water (2-5 c.c.) was added. 
The mixture was cooled to 10--15", and the precipitated cuprous chloride was collected, washed with 
water, and dissolved in a mixture of waaay (20 c.c.) and concentrated hydrochloric acid (24 c.c.). 
4-Chloro-6-amino-3-methyiquinoline (0-06 was dissolved in water (0-15 ¢.c.)-concentrated hydro- 
chioric acid (0-15 c.c.) and the solution cc to 0—5". A solution of sodium nitrite (0-05 g.) in water 
(0-15 c.c.) was added, and after a few tes the « bined solution was added to the cuprous chlonde 
solution (0-3 c.c.) at 60°. After 10 minutes at room temperature and 15 minutes on the boiling water-bath 
the mixture was added to water (50 c.c.), made just alkaline with aqueous sodium hydroxide, and steam- 
distilled. The white solid distillate was collected, and crystallisation from —— alcohol gave 
4 : 6-dichloro-3-methyiquinoline (0-014 g.) in colourless needles, m. p. 118—119°. m. p. is identical 
with that quoted by Breslow ef al. (J. Amer. Chem. Soc., 1946, 68, 1233) 


Proof of the Constitution of 4-Chioro-5-nitro-3-methylquinoline.—4 : 5-Dichloro-3-methylquinoline 
This compound was prepared from 4-chioro-5-nitro-3-methyiquinoline (0-32 g.) as already described for 
je we pene = of the 4: 6-dichloro-compound. It (0-04.) ated from aqueous alcohol in colourless, 
ery needles, m. p. 70-—71 The melting Vee was not depressed on admixture with an authentic 
specimen, prepared as described by Steck, Hallock, and Holland (/. Amer. Chem. Soc. 1946, 68, 382) 
from ethy! ethoxalylpropionate and m-chloroaniline 


Proof of the Constitution of 4-Chloro-8-nttro-3-methyiquinoline —4-C hloro-8-amino-3-methylquinoline. 
4-Chioro-8-nitro-3-methylquinoline (1-3 g.) was reduced as described above for the preparation of the 
6-amino-compound, and gave 4-chloro-8-amino- ae. CHENG nee (0-7 g.) in colourless needles, m. p. 111" 
(from aqueous alcohol) (Found : C, 62-4; H,46. C,,H,N,Ci requires C, 62-3; H, 47%) 

4: 8-Dichloro-3-methyiquinoline, 4-Chioro-8-amino-3-methyliquinoline (020 g.) underwent the 
Sandmeyer reaction as described above for the 4 6-dichloro-compound. 4: §-Dichloro-3-methyiquinoline 
(0-04 g.) separated from aqueous alcohol in sli ay A genes feathery needics, m. p. 98". The —— | point 


was not depressed on admixture with an au imen, oo rogeoee from o-chlorovaniline ethyl 
cthoxalyipropionate as described by Breslow o ai VU. U. dener -» 1046, 68, 1233). 

Ethyl S(or 7)-Nitro-4-hydroxy-3-meth aphenteatie «Mp interaction of ethy! ethoxalyl- 
propionate (20-2 g.) and m-nitroaniline (1 as described above for the preparation of the 6-nitro-ester, 
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Fr eich cas eonteaationd raneutndiy oom Ginanak 2-carboxylates (30 g.; m. p. 220-— 
Fa0"), which si me 
“arbryiat epatated trv coated Berio, 208 ; H.#4. C,,H,O,N, 
requre 5; H, 44%) 


Ban ye py pow pete my Ups —An intimate mixture of 4-chloro-6-nitro-3-methy!- 
(3-6 g.) and p-chioroaniline (2-1 g.) was heated in a wax-bath. Reaction occurred at 120° and 
the temperature foe ae ee where it was maintained for five minutes When cold, the solid 
edd ow dissolved im hot glacial acetic acid (150 ¢.c.}, and poured into water (600 c.c ). 
oa ea was collected, washed with water, and 
q tion from toluene gave bright-yellow needles, m. p. 173-174" (Found: C, 61-4; H, 
36. C,H ON Cl requires C, 61-3; i. 3-8%,). 
€A4 Aloroanilino-3-methyiquinoline. A solution of stannous chloride (20-0 g.) in concen- 
trated b acid (20 c.c.) was added to a solution of 6-nitro-4-p-chloroanilino-3-methyiquinoline 
(4-0 g.) im glacial acetic acid (40 «<. The mixture was heated for one hour on a water-bath and 
then left at room temperature for 45 hours. apace wie made Sey eae ey 
sodium hydroxide, and boiled until the precipitated yellow stannichloride decomposed. tnd | 
residue was collected, boiled with 26% aqueous sodium hydroxide (100 c.c.) for ~~ — filtered 
washed boon dilute aqueous sodium hydroxide and much water, and dried. » 50800" (F from 
ve Camimo4 p-cAloroantimo-3-methviguenoline (1-8 Jia fen pris m. 
ae a ae ye way 67-7; it <n Gessbves in sheshal and tn teheene 
solutions with violet fluorescence from alcohol in golden pilates 
239° (Pound : C616. H, 34. Cla NA SO » Tequires C, 51-5; H, 33%). 
"Meee between Aniline and Pthyt te (006 6038 mak > ie atures.—Aniline (2-32 g 
0-025 mole) sad ethy! ep ene: waged - 06 g., 0-025 ole) wee together under reflux } 
two minutes. After cooling overnight, the 4 woe with methy! alcohol, 
and dried. Keerystallisation from ethy! gave ——f* ype ate »heny limino- | - yl-3-meth yl- 
yrrolidine (3-70 ¢.) in glistening yellow plates, m. p. 158° (Found: C, 73-2; H, 52; N, 10-2 Cale. for 
el a C, 73-4; H, 60; N, 101%). Wislicenus and Spiro (loc. cit.) reported m. p. 158—160". 
Kive’s Cotsece, Universtry or Lowpow, 
Sraanp, Loxwpow, W.C.2 (Received, March 23rd, 1950.) 


431. The Chemistry of Carcinogenic Nitrogen Compounds. Part V. 
Angular Hydroxybenzacridines and Hydroxrydibenzacridines. 
By No.Pu. Bov-Hol 


A aumber of new 1: 2- and 3° 4-benzacridines contaiming hydroxy- or alkoxy-groups have 
been prepared for biological examination; similar compounds in the three biangular dibeaz- 
acridine series were also synthesised. Several allyloxy-denzacridines were rearranged by the 
Claisen method. The thermal condensation of naphthols with aromatic aldehydes and amines 
to give benzacridines was more closely investigated 


A number of carcinogenic polycyclic hydrocarbons are known to undergo metabolic conversion 
into the corresponding hydroxy-compounds. Polycyclic nitrogen-containing carcinogens have 
not yet been studied in this respect, but their close structural analogy with isocyclic hydro- 
carbons suggests that their metabolism might follow a similar pattern. To obtain some 
experience with compounds similar to the expected metabolites, and in view of the increased 
interest attached to hydroxy-acridines, a series of hydroxy-derivatives of 1 : 2- and 3 : 4-benz- 
acridine has now been synthesised 

Many such compounds, mostly in the 3: 4-benzacridine series, have already been reported ; 
some in very scanty detail. Baezner (Ber., 1904, 37, 3080) prepared 3’-hydroxy-3 : 4-benz- 
acridine by reduction of a mixture of o-nitrobenzy! chloride and 2 : 7-dihydroxynaphthalene, and 
by condensing N-o-aminobenzylaniline with the latter. Similar reduction of 2-nitrobenzyl 
chioride and 2: 6-dihydroxynaphthalene yielded the isomeric 2’-hydroxy-3 : 4-benzacridine 
(Baezner and Gueorguieff, Ber, 1906, 39, 2445) and the same authors (ibid., p. 2439) 
prepared 8-hydroxy-3: 4-benzacridine by acid hydrolysis of the corresponding 8-amino- 
compound. More recently, the preparation of the 2-hydroxy-compound from 3-amino- 
l-naphthol was briefly mentioned in a patent, without any description of the procedure or 
the product (D.R.P. 384,700/1922). Saftien (Ber, 1925, 58, 1958) obtained 7-methoxy-3 : 4- 
benzacridine by decarboxylation of the 5-carboxylic acid from the Fries contteciion of 
4: &-benzcoumaran-2 : 3-dione with p-anisdine, no demethylation however being attempted. 

We found that 7-methoxy-3: 4-benzacridine was very easily prepared by the Ulimann- 
Fettvadjian reaction (Ber., 1903, 34, 1029) from 2-naphthol, p-anisidine, and paraformaldehyde ; 
subsequent demethylation to 7-hydroxy-3 : 4-benzacridine was conveniently achieved by means 
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of pyridine hydrochloride; 7-hydroxy-2’-tert.-buty!l- and -2’-fert.-amyl-3 : 4-benzacridine were 
similarly obtained from 6-tert.-butyl- and 6-fert.-amyl-2-naphthol. Homologues of 7-hydroxy- 
3: 4-benzacridine having substituents in the meso-position were prepared from N-p-methoxy- 
a 2-naphthylamine by a modified Bernthsen reaction (Buu-Hol, /., 1046, 702; 1049, 

, and demethylation of the intermediary methyl ethers 7-hydroxy-5-methyl-, -S-ethyl., 
ot -5-isopropy!-3 : 4-benzacridine were thus obtained 

In the | : 2-benzacridine series, the Ullmann-Fettvadjian reaction with l-naphthol was 
much less satisfactory than with 2-naphthol, but the 7-hydroxy-compound was nevertheless 
obtained via 7-methoxy-1 : 2-benzacridine. 

The allyl ether of 7-hydroxy-3 : 4-benzacridine readily underwent the Claisen rearrangement, 
7-hydroxy-6-allyl-3 : 4-benzacridine being formed quantitatively after some minutes in boiling 
dimethylaniline. This high reactivity of the 6-position makes it analogous to the «-position 
in 2-naphthol and 2-anthrol 

It was found, as previously reported by others, that benzacridines obtained from 2-naphthol 
by means of the Ullmann (Ber., 1900, 38, 907) and similar reactions (Senier and Austin, /., 1907, 
91, 1237) have the 3: 4-benzacridine structure and not the alternative 2: 3-benzacridine, as 
derivatives of the latter nucleus give a violet colour with sulphuric acid and deep-red to violet 
salts (Schépfi, Ber., 1804, 27, 2843) instead of the corresponding yellow-orange colour observed 
with 3: 4-benzacridines. 

Senier and Austin (loc. cif.) prepared 5-p-methoxyphenyl-1 : 2-8: 9-dibenzacridine (1; 
R = Me) by adding anisaldehyde to a boiling mixture of I-naphthylamine and |-naphthol. 
Contrary to Senier and Austin’s claims, an extension of this reaction to mixtures of 2-naphthol 
with 1- and 2-naphthylamine was possible, and allowed of the preparation of 5-p-methoxy- 
phenyl-1:2-6;7- (11; R= Me) and -3: 4-6: 7-dibenzacridine (111; R= Me). Pyridine 
hydrochloride demethylation of Senier and Austin's compound and its two isomers gave the 
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corresponding phenols, high-melting substances similar to 5-p-hydroxyphenylacridine prepared 
by Landauer (Bull. Soc. chim., 1904, 31, 1091) from p-hydroxybenzoic acid by the Bernthsen 
reaction. Furthermore, we have found that anisaldehyde reacted with mixtures of 2-naphthol 
and aniline or its homologues, the intermediary 5: 10-dihydroacridines being oxidised by 
prolonged heating in air. 5-p-Methoxyphenyl-3 : 4-benzacridine (IV; RK — Me, R’ = H) and 
its 7-methyl, 7: 9dimethyl, 8: 9dimethy!, and 7-pheny! homologues were thus prepared ; 
demethylation gave 5-p-hydroxyphenyl-3 : 4-benzacridine (IV; K « R’ = H) and homologues 
The ally! ethers of these phenols readily underwent the Claisen rearrangement, although much 
less rapidly than in the case of 7-hydroxy-3 : 4-benzacridine. 5-(4-Hydroxy-3-allyiphenyl)- 
3: 4-benzacridine (IV; RK =H, R’ «= CHyCHUCH,) and its 7-methy!l and &: 0-dimethy! 
homologues were thus obtained 
EXPERIMENTAL. 
7-Methory-3 : 4-benzacridine.— Paraformaldehyde (1-5 g.) was added in small portions to a boiling 

mixture of p-anisidine (15 g.) and 2-naphthol (15 «.). After the violent reaction had subsided, the 

oduct obtained was boiled in the air for some minutes, and then vacuum-distilied. The fraction, 

. p. 200-.300° /18 mm. (16 ¢.), solidified on being leftin ethanol. After two recrystallisations from this 
solvent, long silky, pale-yellow needles, m. p. 158°, were obtained (Saftien, loc. cit., gave m. p. 157°). 
The corresponding picrate formed, from nitrobenzene, shiny, silky, orange-yellow prisms, m. p. 205. 
296° (decomp.). 

7-Hydroxy-3 : 4-benzacridine. —A mixture of the methoxy-compound (10 ¢ ) and pyridine hydro- 

chloride (50 ¢.) was refluxed for 10 minutes, the supernatant layer com After 
cooling, hot «Pian (100 c.c.) was added, and the orange precipitate of ver Ame | + benzacridine 
hydrochloride collected and washed with water. Basification with dilute aqueous ammonia 
base, which was dried and recrystallised from nitrobenzene. 7-//ydrory-3 : ‘hensawidias (s @) formes 
shiny, greenish-yellow needies, m. p. 310°, which gave a deep-yellow solution in aqueous sodium 
hydroxide (Found: C, 82-0; H, 44. C,,H,,ON requires C, 63-2; H, 44%) 
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7-Hydrosy-4-allyl-3 4-bensacridine.The 7-hydroxy-benzacridine (2-5 g.) 
droxide (i g.) in ethanol, and the resulting solution refluxed for five minutes with i 
). The solvent was removed in vacuum, water added to the residue, and the clo 
overnight. 7-A wy-3 : 4-bensacridene thus obtained (2-5 g.) crystallised from light 
; - needles, m. p. 92°, extremely soluble in ethanol (Found: N, 4-6. 


). cae aummapenenn giana formed, from xylene, orange-yellow needles, 
> 240") (Found: N, 10-6 


give 
allyt- 
642; H, 58. C,.H,,ON requires C, 84-2; H, 52%). 

7-H ydroxy-2 -tert.-butyl-3 : 4-benzacridine.—This was obtained by demethylation of the crude 
anges viscous distillate (b. p. >300°/18 mm.) from the Ulimann—Fettvadjian reaction of 6-tert.- 
butyl-2- thol (2 g.), pa ne (2 g.), and paraformaldehyde (0-5 g.). e hydrochloride was 
orange-yellow, and the base (0-6 g.) formed, from xylene, pale-yellow needles, m. p. 288° (Found: C, 
63-6, H, 65. C,.H,ON requires C, 83-7; H, 63%). 

7-H ydroxy-2-tert.-amyl-3 : 4-bensacridine.—-This, prepared in the same way as the tert-butyl 
eae formed, from xylene, shiny yellowish needles, m. p. 280-—281° (Found: C, 83-5; H, 6-8. 
Colt, ON requires C, 83-8; H, 66%) hese two hydroxy-benzacridines with a free 6- tion, shared 
with Y hydroxy-3 4-benzacridine the property of reacting with 2 : 3-dichloro-1 : 4-naphthaquinone in 
pyridine solution to give high-melting, sublimable, orange-red products (cf. Eistert, Ber., 1947, 80, 52). 

7-Methoxy-| : 2-bensacridine.—A boiling mixture of l-naphthol (15 g.) and p-anisidine (15 g.) was 
treated with paraformaldehyde (1-5 g.). Vacuum-distillation of the uct gave a resinous ion 
3 g.), b. p. 280-—310° 16 mm., which solidified when left with ethanol; it gave after recrystallisation 
from this solvent, fluffy, shiny, pale-yellow needles, m. p. 155° (Found: C, 83:3; H, 52. C,,H,,ON 
requires C, 83-4; H, 50%). Its picrate formed, from nitrobenzene, silky orange-yellow, sublimable 
prisms, m. p. 246-248" (decomp.) (Found: N, 11-2. C,.H,,ON,C,H,O,N, requires N, 11-5%) 

7-Hydroxy-1 . 2-bensacridine.-This acridine was obtained in almost quantitative yield from the 
demethylation of the 7-methoxy-base, and formed, from nitrobenzene, fine pale-yellow needles, m. p. 
217.218" (Pound: C, 83-1; H, 44. C,,H,,ON requires C, 83-2; H, 44%), giving yellow alkaline 
solutions and an orange hydrochloride 

1-Methony-6-methyl-3 : 4-bensacridine —.N -p-Methoxypheny!-2-naphthylamine used in this work 
was best prepared in the following way : a mixture of 2-naphthol (45 g.), p-anisidine (40 g.), and iodine 
(0-2 g.) was gently refluxed for 20 hours; the product was taken up in benzene, washed with dilute 
aqueous sodium hydroxide, dried (Na,SO,) and vacuum-distilled after removal! of the solvent, giving 
the amine (60g), b. p. 263.265°/16 mm. This (10 g.) was heated under reflux for 15 hours with acetic 
anhydride (7 g.) and fused zinc chloride (10 g and the hot product was treated with toluene and 
concentrated aqueous sodium hydroxide (Buu-Hol, loc. cit), leaving a large residue of insoluble charred 
material, The toluene solution was dried (Na,SO,), the solvent removed, and the residue vacuum- 
distilled (b. p. ca. 285-300° 16 mm After repeated recrystallisations from methanol, 7-methory-5- 
méthyl-3  4-benzacridine (0-6 ¢.) formed silky, pale-yellow needies, m. p. 144° (Found: C, 83-3; H, 5-6. 
CygH ,,ON requires C, 83-5; H, 5-6%), and gave a picrate crystallising from nitrobenzene in silky, 
orange- yellow prisms, m. p. 254—256" (decomp 

7-Hydrowy-5-methyl-3 > 4-benzacridine.—Prepared by demethylation of the 7-methoxy-compound, 
this acridine formed, from nitrobenzene, readily sublimable, pale yellow needles, m. p. 200-—291° 
decomp.), which gave yellow solutions in alkali (Found: C, 83-5; H, 5-2. C,,H,,ON requires C, 83-4; 
H, 5.0% 7-Hydroxy-5-ethyl-3 : 4-benzacridine, similarly prepared by demethylation of the crude, 
distilled product from N-p-methoxyphenyl-2-naphthylamine ts g.), propionic anhydride (5 g.}, and 
zinc chioride (5 g.), formed yellow needles from xylene, sublimating above 275—280° and charring at 
286.200" (Found: C, 83-2; H, 54. CyH,,ON requires C, 83-5; H, 55%). 7-Hydroxy-5-isopropyl- 
3 4-benzacridine, obtained by replacement of sropionic anhydride in the previous synthesis by isobutyric 
acid, formed fine yellow needles, from nitrobenzene, which darkened and sublimed above 275°, and 
decomposed above 2845-286" (Found: C, 83-6; H, 58. C,.H,,ON requires C, 83-6; H, 5-9%) 


5-p- Methoryphenyl-1 : 2-6: T-dibensacridine—To « boiling mixture of 2-naphthol (5 g.) and 
l-naphthylamine (5 g.), anisaldehyde (4 g.) was cautiously added, and the product boiled for a further 
five minutes and then vacuum-distilled ; the portion, b > 350° /18 mm., solidified on trituration with 
ethanol, and formed fine, almost colourless needles (1-5 g.), m. p. 202°, of the acridine from benzene 
(Found: N,34. ©,,H,ON requires N, 36%). The corresponding picrate crystallised from xylene in 
orange-yellow needies, m. p. 272-27 5-p-Hydroxyphenyi-1 : 2-6: T-dibensacridime formed readily 
sublimable, greenish-yellow needles, m. p. 301°, from nitrobenzene (Found : C, 87-1; H, 4-6. C,,H,,ON 
requires C, 87:3; H, 45%); this compound gave a deep yellow colour in alcoholic sodium hydroxide 
solution, its orange-yellow hydrochlonde was only sparingly soluble in molten pyridine hydrochloride 


* M ethoxyphenyl-3 : 4-6: 7-dibensacridine —Obtained in similar yield from §8-naphthol (5 g.), 
B-naphthylamine (5 g.), and anisaldehyde (4 g.), this dibensacridine formed long silky, pale yellow, 
sublimable needles, m. p. 274—275", from benzene (Found: N, 3-4. CysH,,ON requires N, 3-6%). 
S-p-Hydrexryphenyl-3 4-6 7-dibensacridine was sparingly soluble in nitrobenzene, and from this solvent 
formed fine deep-yellow, sublimable needles, m. p. 370-372" (Found: C, 87-0; H, 47. C,,H,,ON 
requires C, 87-3, H, 45% 

5-p-Hydroryphenyl-1 : 2-8 : O-dibenzacridine.—-This acridine formed large, transparent, yellowish 
crystals, m. p. 248°, from aqueous acetone (Found: C, 87-2; H, 4-8. C,,H,,ON requires C, 87-3; 
H, 45% Its methyl! ether was prepared in 30% yield by Senier and Austin’s method (loc. cit.) 
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o-p- Methoxyphenyl-3 | 4-benzacridime me. —Anisaldebyde (15 g.) was cautious! 
mnintise of Daan (005) ean aatine OSI: after a further 
um-fractionated. The fraction, 


was vacw . Pp. o@. 300-320 
ions from ethanol, pale-yellow, silky needles, m. p. 181° 


N, 41%). The prerete formed ‘ened orange . m. p. 253— 
(Found: N, 96. C,,H,,O,N, requires N, 9-9% 


5-p-Hydrorypheny!-3 : 4-bensacridine. —_This cakes formed readily sublimable, shiny, 
yellow leaflets, m. p. 306°, from nitrobenzene (Pound: C, 85-7; H, 48. C,,H,,ON requires C. Se: 

47%) 

5-p- Allyloxyphenyl-3 : 4-benzacridine.—-The 5-p-allyloxyphenyl derivative, prepared from the 

tassium salt of the hydroxypheny! compound and ally! bromide in alcoholic solution, crystallised 
rom acetone in large weet oo tablets, m on 176-177" (Found ; N.3-8. C,,H,,ON requires N, 3-0%) ; 
its picrate formed silky orange- m. p. 223-224", from toluene 


5-(4-H ydroxy- ne pe ap 3: arena —This was obtained by refluxing a hey 
solution of the foregoing allyl ether for 12 hours; it formed fine -yellow prisms, p. 255°, from 
acetone, and gave yellow satations in alcoholic sodium hydroxide (Found : C, 86-2; H, S 3. Cy.H,ON 
oe 86-4; H, 52%) 


-M ethoryphenyl-T-methyl-3 : 4-benzacridine.—This com (10 §). obtained as above from 
nan thol (20 g.), p-toluidine (18 g.), and anisaldehyde (15 g 7) b. p S530" 14 mm., and formed 
pale yellow, silky, sublimable aan m. p. 231232", from much pot abe (Found: N,40. C,,H,ON 
requires N, 40%); its picrate formed orange prisms, m. p. 240-250", from toluene (Found. N, 9-6. 
Cy, HyO WN, requires N, 95%). 

5-p-Hydroxyphenyl-7-methyl-3 : 4-Lenzacridine.— The I pet om compound, obtained ia 
theoretical yield, crystallised from nitrobenzene in long pale-yellow, readily subl 
m. p. 326—327°, which gave greenish-yellow solutions perf alcoholic sodium hydroxide \Foend Cc, 
86-0: H. 52. C,,H,,ON requires C, 85-9; H, 5-0%) 


5-p- All yloryphenyl-T-methyl-3 | 4-benzacridine —The oe gy ae formed tong, silky, pale- 
yellow needles, m. p. 171°, from ethanol (Found: N, 3-5. C,,H,,ON requires N, 37%); its 
rearrangement product, 5-(4-Aydrosy-3-allyl oe T-methyl-3 . 4-bensacridene, crystallised from nitro- 
benzene in shiny yellowish needles, m ~244° (Found: C, 86-2; H, 57 H,,ON requires 
C, 86-4; H, 56%): the 4-allyloxypheny Po altel compound formed fine colourless sothet' p. 1s1— 
132°, from methanol (Found: N, 32. ¢ seli,gON requires N, 3-3%), the picrate of which separated 
from ethanol in deep-orange needies, m p. 200". 

5-p-Methoxyphenyl-7 : 0-dimethyl-3 : 4-benzacridine.—This could not be obtained in a pure state 
directly by the condensation of antsaldehyde with 2-naphthol and 2: 4-dimethylaniline, which yielded 
at the same time a great quantity of a hig cap bem cen J believed to be the corresponding 5. 10-di- 
hydroacridine. It was therefore prepared by ylation of the hydroxy-compound described below, 
and formed pale-yellow needles m. p. 177——178°, from ethanol (Found: C, 85-6; H, 59. C,,H,,ON 
requires C, 85-9; H, 5-7%) 


5-p-Hydroxyphenyl-7 | 9-dimethyl-3 : 4-benzacrsdime ---The 5-p-hydroxyphenylbenzacridime was pre- 
pared by heating with pyridine hydrochloride the crude acridine-dihydroacridine mixture described 
above: it formed ae glinting, pale- -yellow acelin, m. p. 313—315’, from nitrobenzene (Found 
C, 85-8; H, 56. C,,H,,ON requires C, 85-0; H, 54% 


Methoxyphenyl-8  9-dimethyl-3 4-benczacridine ‘This compound (8 g.), readily obtained from 
sshthel (20 g.), 3 : 4-dimethylaniline ( (15 ¢.). , and anisaldehyde (15 g.), formed long silky, pale-yellow 
ound: C, 856; H, 5&7. Cy.H,,ON requires C, 85-9; H, 





2 na 
a m.p 208", from benzene—ethanol ( 
5-7%), and gave a picrate which crystallised from benzene in long silky orange needles, m. p. 250"; no 
higher-melting impurity was obtained in this experiment 
5-p-Hydroxryphenyl-8 : 9-dimethyl-3 : 4-bensacridine. —This compound crystallised b ei nitrobenzene 
» su oe short, yellow prisms, m 306 307° (Found: C, 856-8; H, 56. C,,H,,ON requires 
, 869; 5 +) its allyl ether for almost colourless needles, m p. 215°, from ethanol (Found : 


N, 3-5 ¢ AO requires N, 3-6%), which gave a picrate as silky orange needles, m p. 238--240° 
decomp above 205°), from ol. 5-(4-Hydrosy- 3-allyiphemyl) - 8 O-demethyl-3 4-bensacridene 
rystallised from xylene in shiny, fine, yellowish prisms, m. p. 216", giving a gr solution with aqueous- 
alcoholic alkalis (Found: C, 86-1; H,62. C,,H,,ON requires C. 863, 59%) 


7-Phenyl 5-p-methosyphenyl- 3: 4-benzacridine —Obtained from 2-naphthol (15 g.), 4-aminodipheny! 
ae e , and anisaldehyde (10 g.), this acridine had b. p. >330°/15 mm. and ee iridescent, bright- 
—— leaflets, m ” page ‘from ethanol-benzene (Found : C, 87-2; H, 5-0 CygH,,ON requires 


87-5; H, 51%); * with picric acid an addition compound ‘crystallising from ethanol in orange 
pa m. p. 203- “204 


This work is part of a cancer research scheme, carried out under Professor A. Lacassagne, with the 
financial support of the United States Public Health Service (Pederal Security Agency), The author 
expresses his thanks to the authorities concerned. The ic acridines described above are under 


investigation for possible fungicidal and virucida) activities (especially against hereditary mammary 
adenocarcinoma in mice) 


Tue Rapicem Insrirere, Untversity oF Panis. (Received, May 10th, 1050.) 
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432. The Synthesis of Long-chain Aliphatic Acids from Acetylenic 
Compounds. Part III. The Synthesis of Linoleic Acid. 
By R. A. Rarwaet and Franz Sonpuermer. 
A flexibie method for the preparation of the hitherto inaccessible | : 4-diacetylenes has 
been evolved. By this procedure heptadeca-8 : 11]-diyne-l-carboxylic acid (V) has been 
obtained | catalytic partial hydrogenation of this acid furnished a = containing 63% of 


linoleic acid. A preliminary account of the work has already m given (Nature, 1950, 
165, 235). 


Lonc-cnain unsaturated acids with an unbranched carbon skeleton occur abundantly in 
Nature, most commonly in the form of their glycerides (Hilditch, “ The Chemical Constitution 
of Natural Fats,”” Chapman and Hall, London, 1947; Ralston, “ Fatty Acids and their 
Derivatives,” John Wiley, New York, 1948; Markley, “Fatty Acids,” Interscience 
Publishers, New York, 1947). Usually the acids possess the cis-configuration about the 
double bonds. Synthetic investigations of these acids have been confined almost exclusively 
to the monoethylenic compounds and, until recently, the routes employed could be classified 
as variants of four procedares, i.¢. the Robinson-Robinson keto-ester method (Robinson and 
Robinson, J., 1925, 175; 1926, 2204; 1930, 745; Kapp and Knoll, J. Amer. Chem. Soc., 1943, 
65, 2062), the Noller bromo-aldehyde method (Noller and Bannerot, ]. Amer, Chem. Soc., 1934, 
56, 1563; Baudart, Compt. rend., 1943, 217, 309), the Baudart acyloin method (Compt. rend, 
1945, 220, 404), and the recent Bowman method (/., 1950, 177). None of these schemes is of 
general application, and nrixtures of cis—trans-isomers are always obtained. 

The only general reaction available which produces nearly pure cis-ethylenic compounds is 
the catalytic partial hydrogenation of the corresponding acetylenic compounds (for references 
and discussion, see Raphael and Sondheimer, J., 1950, 115; Sondheimer, J., 1950, 877), and 
this reaction is obviously capable of being widely utilised for the synthesis of the natural ethylenic 
acids. Although an isolated example of the synthesis of one of the requisite acetylenic acids 
has been recorded (Bhattacharya, Saletore, and Simonsen, J., 1928, 2678) it is only recently 
that an elegant general method has been developed by Strong and his collaborators (J. Ammer. 
Chem. Soc., 1948, 70, 1699, 3391; cf. Newman and Wotiz, tbid., 1949, 71, 1292), which provides 
a ready synthesis of long-chain acetylenic acids of the general formula (I) : 


CH, {CH,\.°CSCH + I(CH,), Cl 
NaCNn . . . -_— ~ . ~ 
viva” CHa (CHy)e C=C (CH, )_°CO,H 
(L.) 
Catalytic partial hydrogenation of (1) readily furnishes the corresponding cis-ethylenic acid. 

A great many natural polyethylenic acids contain the grouping cis : cis-CH:CH-CH,CH:CH. 
One of the most important members of this class is linoleic acid (heptadeca-8 : 1 1-diene-1- 
carboxylic acid) (VI), the characteristic acid constituent of the semi-drying oils; the substance 
derives added interest as an essential food factor (Rosenberg, “ Chemistry and Physiology of 
the Vitamins,” Interscience Publishers, New York, 1932, p. 531), and an antibiotic (Riley and 
Miller, Arch. Biochem., 1948, 18, 13). Although attempts have been made to synthesise this 
acid by classical methods, the results have not been encouraging (Noller and Girvin, J]. Amer 
Chem. Soc., 1937, 69, 606; Baudart, Bull. Soc. chim., 1944, 11, 336). 

The problem of the acetylenic approach resolves itself into the synthesis of the 1 : 4-di- 
acetylenic acid (V). The scanty literature on 1: 4-diacetylenes reveals their comparative 
inaccessibility. A few hydrocarbons of this type had been made by the reaction of substituted 
propargy! bromides with sodium acetylides at 140°; the yields were poor, however, since the 
reactivity of the methylene group situated between the two triple bonds resulted in further 
alkylation of the 1: 4-diyne produced (Tchao Yin Lai, Bull. Soc. Chim., 1933, 58, 1533, 1537; 
Grignard and Lapayre, tid., 1928, 43, 141; Compt. rend., 1931, 192, 250) 

It was therefore decided to utilise the ready alkylation of an acetylenic Grignard reagent 
by means of an alkyl sulphonate (Gilman and Beaber, /. Amer. Chem. Soc., 1923, 45, 839; 
Truchet, Ann. Chim., 1931, 16, 309; Johnson, Schwartz, and Jacobs, J. Amer. Chem. Soc., 1938, 
60, 1882, 1885) 

An ethereal solution of the Grignard complex of 8-chloro-oct-l-yne (III) (prepared by the 
action of sodium acetylide on 1-chloro-6-iodohexane) was very slowly added to a boiling ethereal 
solution of oct-2-yn-l-yl methanesulphonate (II). This procedure ensured that no excess of 





[1950] Aliphatic Acids from Acetylenic Compounds. Part III, 201 


Gngnard reagent was present at any time to attack the central, activated methylene group of 
the product, 16-chlorohexadeca-6 : 9-diyne. This reaction constitutes an efficient and flexible 


CH, (CH, ,C23c-CH,OH ch(CH,),C) 
cn, 50,0 @© Nal | Gi) NeQacn 


CH,'CH, |, <aac-CH, 0-S0,CH, CHaacicH,).C) 
(iy) (ih) 





NaCHCO,Et, 
CHMCH,) CS8C-CH CEC {CH — > CH CH, CSC-CH,CScCH,), CO, 
av ) (V.) 


| 


¥ 
CH, (CH, -CH=CH-<CH,-CH=CH-(CH,),-CO,H 
(VL) 


method of obtaining the hitherto little-studied 1: 4-diacetylenes. Conversion of the diacetylenic 
chloride into the corresponding iodide (IV) followed by condensation with sodiomalonic ester, 
hydrolysis, and decarboxylation, finally gave the required heptadeca-8 : 11-diyne-]-carboxylic 
acid (V) as a white crystalline solid, m. p. 42—43°. Catalytic partial hydrogenation of (V) 
employing a palladium-calcium carbonate catalyst gave a pale yellow oil; analysis of this oi] 
by the bromination procedure of Brown and Frankel (J. Amer, Chem. Soc., 1038, 60, 54) showed 
it to contain 63% of linoleic acid. The resulting tetrabromostearic acid exhibited no depression 
in melting point on admixture with a sample prepared from natural linoleic acid. Complete 
hydrogenation of the diacetylenic acid (V) furnished stearic acid, identified as such by comparison 
with an authentic sample. As the above tetrabromostearic acid has been shown to furnish 
substantially pure linoleic acid on debromination (Frankel and Brown, sbid., 1043, 65, 415) the 
above series of reactions constitutes a complete synthesis of linoleic acid. 


EXPERIMENTAL. 


(All operations involving acetylenic compounds were carried out under nitrogen.) 

Oct-2-yn-1-ol (cf. Tchao Yin Lai, Bull. Soc. chim., 1933, 63, 682).—To a stirred solution of ethyl- 
magnesium bromide [from magnesium (162 £.). ethyl bromide (98 g.), and ether (400 c.c.)) was added 
rapidly a solution of t-l-yne (54 g.) in et (50 c.c.), and the mixture was heated under reflux for 
2 hours. Dry gaseous formaldehyde, prepared by heating dry Reem ep reine teed (60 g.) to 200°, was 
then introduced into the cooled solution of heptynylmagnesium ide by means of a current of 
nitrogen. After the addition the reaction mixture was heated under reflux for a further 30 pol gee om 
and was then decomposed with ice and dilute sulphuric acid. The ethereal layer was separated, washed 
with sodium hydrogen carbonate solution, and dried ar ey F and the solvent removed Distillation of 
the residue gave oct-2-yn-1-ol (40 g., 57%), b. p. 98—100°/15 mm., wf 1-4559 (Tchao Yin Lai, loc. cit., 
gives b. p. 98—09°/165 mm., =f? 14585). The high- -boiling residue (ca oe mana conmsted of 

igher-~< condensation products of the general formula, C,H, ,“CasC-CH,[OCH, ,°O 


Oct-2-yn-\-yl Methanesulphonate (11).—A well-stirred mixture of oct-2-yn-1-ol (36 g.) and methane- 
sulphony! chloride (40 g., 1 mol.) was cooled to —10° and er sodium hydroxide (25%) added 
dropwise at such a rate that the temperature did not rise above When the mixture became alkaline 
{about 100 ¢.c. of the alkali solution was needed) it was thoroughly extracted with ether + rade pa 
of the washed (water) and dried (MgSO,) ethereal extract followed by fractionation of the 
unchanged carbinol (20-5 g.) and oct-2-yn-l-yi 
85%), , P- 110-—-112°/0-4 men , wf 14610. The 
surprisingly occasioned no sisi. in conversion (Found: C, 62:56; H, 76; 5, l@8. CH,,0,5 
requires ©, 52-9; H, 7-9; S 


This reaction could not be carried out by the more usual procedure em ons Ly tidine. When this 


was attempted the only uct obtained, in small , was | -chloro-oct- 40.-41° /0-5 mm., 
eh tso0k C, 66-65; 1,905; Ci 263. C,H,,CI requires C, 66-45; H, 9-05; Cl, 24.5%) 

1. 6-Dichlorohexane.—Hexameth ee See ae Sy arate (04. wane emia’ ne 
and thiony! chloride (20 g.) then ate thatthe sm the cooled, stwred mixture 
thionyl! chloride (218 faye tty 4 mene on er tee Fae 26°. 
Aver the addition the hash and contents were heated steam for 2 hours. Ice and water were then 
carefully added, ond the denon, peasipieated oft colon wpte light light petroleum (b. p. 40-60"); this extract 
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was washed twice with concentiated sulphuric acid and once with sodium hydrogen carbonate solution, 
dried (MgSO,), and evaporated. The residue on distillation furnished | : 6-dichlorohexane (72 g.; 92%), 
b. p. 09° 28 mm., »ff 1-4576 

1-Chlove-4-iodohesane.—-| | 6-Dichlorohexane (65 ¢.) was added to a solution of sodium iodide (65 ¢.) 
in dry acetone (400 ¢.c.}, and the solution heated by steam for 4 hours (violent bumping occurred as the 
precipitate of sodium chioride formed). Water (600 cc.) was then added and the precipitated oi! was 
taken up in light petroleum (b. p. 40-60"). Alter being washed (water) and dried Rags.) the extract 
was evaporated, and the residue distilled through a Dufton column to give (i) unchanged dichlonde 
(is » p 5153" 0-6 mm., (ii) crude |] -chloro-6-iodohexane (50-3 g.), b. p. 74—79°/0-6 mm... and 
(iit) 6-di-iodohexane (24 g.) Fraction (ii) was redistilled slowly through a vacuum-jacketed column 
packed with glass helices to give pure |-chloro--todohexane (41-6 %), b 73——74° 0-7 mm., 


aif 15248 (Found C, 204; H, 5-45; total halogen, 65-5 C.H,,cll requires C, 29-25, H, 4-9, total 
halogen, 66-85%) 


§-Chloro-cct-l-yne (III).-To @ stirred suspension of sodium acetylide (prepared from Na (41 g.), 
by the usual ferric nitrate-catalysed reaction) in liquid ammonia (400 c.c.) was rapidly added a solution 
ot | -<hloro-6-iodohexane (44 g.) in ether (25 c.c.). The reaction vessel was not cooled but was well 
lagged with cotton wool, After 4 hours’ stirring, the lagging was removed, sold ammonium chlornde 
(15 g.) added, and the ammonia allowed to evaporate ‘ater and ether were added to the residue, and 
the ethereal layer washed successively with dilute sulphuric acid and sodium hydrogen carbonate 

Drying (MgSO,) and Brey, followed by distillation furnished 8-cAloro-oct-l-yne (19-4 ¢., 
_ b. p. 73-—76°/10 mm., wf 14500 (Found: C, 66-2; H, 01; Cl, 24-75. C,H,,C! requires C, 
H, 905; Cl, 24-56%) 


16. lodohexadeca-6 : 9-diyne (1V).—-To a stirred solution of ethy! nesium bromide (from magnesium 
(1-25 g.), ethyl bromide (7-5 g.), and ether (150 ¢.c.}) was added rapidly a solution of 8-chioro-oct-l-yne 
(7-6 g@.) in ether (10 c.c.). After being stirred for a further 2 hours the resulting solution was transferred 
to a dropping-funnel and added dropwise during 4 hours to a stirred, vigorously boiling solution 
of oct-2-yn-l-yl methanesulphonate (22 g.) in ether (100 ¢.« A white solid formed as the reaction 
proceeded. The resulting suspension was heated under reflux for a further 14 hours, and the cooled 
reaction mixture was then decomposed by the addition of 2n-sulphuric acid (100 c.c.)}. Evaporation of 
the washed (sodium hydrogen carbonate solution) and dried (MgSO,) ethereal layer, and distillation of 
the residue, gave (i) 1-bromo-oct-2-yne (9-1 g.), b. p. 45-—47° 10° mm_, 85° /12 mm., »]f 1-4830 (Tchao 
Yin Lai, Bull. Soc. chim., 1933, 68, 1533, gives b. p. 92-93" /15 mm., nf 1-4927) and (ii) crude 16-chloro- 
hexadeca-6 : Odiyne (7-3 g.), b. p. 103-—-115°/10* mm., »}f 14760. A Lassaigne test indicated that 
the second fraction contained sulphur as well as chlorine, thus showing that some unchanged methane- 
sulphonate was present. As fractional distillation was impracticable the following procedure was 
adopted. The crude chlorodiyne, sodium iodide (10 g.), and dry acetone (100 c.c.) were heated under 
reflux for Shours. The solvent was removed under reduced pressure and the residue treated with water 
and ether, the ethereal layer after being dried, evaporated, and distilled gave (i) 1-iodo-oct-2-yne (1-2 g.), 


b p 43°/10°¢ mm., wff 15330 (Found: I, 53-4. C,H,,1 requires I, 53-75), and (ii) 16-s0dohervadeca- 
6 V-diywe (53 ¢ b. p. 120-124°/10"* mm nh} 1.49585 (Found: C, 55-4, H, 7-2 
C, 55-8; H, 73% 


( salt, requires 


Heptadeca-8 : 11-diyne-l carboxylic Acid (V).—Sodium (0-7 g.) was dissolved in dry ethanol (0 c« 
ethy! malonate (5-1 ¢.) was added, and the mixture was heated under reflux for | hour. 16-lodohexa 
deca-6 : Odiyne (4 g.) in alcohol (10 ¢.c.) was rapidly added and the solution heated under reflux for 
16 hours. The cooled mixture was treated with a solution of potassium hydroxide (10 g.) in aqueous 
methanol (100 ¢.c. of methanol + 5 c.c. of water), and after 40 hours at room temperature most of the 
solvent was evaporated off im eacue, and water and ether were added. The aqueous layer was acidified 
Congo-red) with dilute sulphuric acid, and the precipitated oil extracted with ether. Drying (MgSO,) 
of the solution and evaporation of the solvent gave a viscous orange oil; this was transferred to a small 
retort and slowly heated to 140°/10™* mm. Considerable effervescence took place and a pale-yellow oil 
distilled over which rapidly solidified; an orange resin (ca. 3 g.) remained in the retort “rystallisation 
of the distillate from light petroleum (b. p. 40-60") at 0° gave prismatic needles, m. p. 42—43°, of 
heptadeca-8 ; 11-diyne-l-carborylic acid (930 mg., 29°,) (Found: C, 78-8, 78-4; H, 97,99. C,,H,,O, 
requires C, 78-25; H, 102% 


Stearse Avid.—A solution of this diacetylenic acid (53 mg.) in ethyl acetate (30 cx 
hydrogenated, employing Adams's catalyst (20 mg After the reaction was completed 
absorption, 18 ¢ « 


was fully 

hydrogen 
Theory for 2®, 17-2c.c.) the catalyst and solvent were removed, giving a crystalline 
residue. Crystallisation of this from methanol gave plates, m. p. 66—67° undepressed on admixture 
with a sample of authentic stearic acid 


Linoleic Acid (V1) A solution of the diacetylenic acid (V) (563 mg.) in ethy! acetate (40 c.c.) was 
stirred in an atmosphere of hydrogen in the presence of palladium-calcium carbonate catalyst (100 mg. ; 
2%,) until hydrogen corresponding to the uptake for two double bonds had been absorbed (06 c.c. at 
16° 764 mm he catalyst was filtered off and the solvent evaporated im vacuo at low temperature 
The residue consisted of a pale-yellow oil, »}f 1-4678, which solidified completely on being cooled to —15° 
Matthews, Brode, and Brown, /. Amer. Chem. Soc., 1041, 63, 1064, give m. p 5 ne 1-4699, for pure 
linoleic acid The product was dissolved in light petroleum (b. p. 40-60 10 c.c.}, transferred to a 
weighed filter beaker, cooled to 0°, and treated with a solution of bromine in light petroleum until a 
permanent colour resulted After 16 hours at 0", the slightly gummy crystalline precipitate was 
filtered off, washed with a little ice-cold light petroleum, dried im vacwo, and weighed The weight of 
bromination product (365 mg.) corresponded to a tetrabromide number of 64-8, thus indicating that the 
product of partial hydrogenation contained 63%, of linoleic acid (Matthews, Brode, and Brown, /oc. cit, 
give 102-9 as the tetrabromide number of pure linoleic acid). Crystallisation of the product from 
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ethylene dichloride gave plates, m. p. 113—-114° undepressed on admixture with authencic 9: 10: 12 13- 
cotmahemnetonste acid peapane’ foam - from naturally occurring linoleic acid. 





The authors are indebted to Sir lan Heilbron, D.S.O., F.R-S., and Professor E. R. H. Jones, F.R.S., 
for their interest and encouragement and to Professor T T. P. Hilditeh, F.R.S., clan LC) Pawan 
a sample of tetrabromostearic acid. The work was carried out during the tenure of an L.C.1 F 
(R. A. R.) and a Senior Award of the Department of Scientific and Industrial Research (F.5.). Thanks 
are due to the Chemica! Society for a research grant 
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433. Alicyclic Glycols. Part IV. Toluene-p-sulphonyl and 
Methanesulphonyl Derivatives of cycloHexane-| : 3-diol. 
By M. F. Crarxe and L. N. Owen. 
yl derivatives of the cis- and the 
In reactions with alkali, potassium 
tion occurs, in some cases exclusively, 


e 
ucts are formed. With sodium iodide, t more readily takes 
place, leading to formation of | : 3-di-iodocyclohexane from disulphonates. 


Iw Parts I and II (Clarke and Owen, ]., 1949, 315; Owen and Robins, ibid., p. 320) the properties 
of some derivatives, in particular the sulphonate esters, of cyclohexane-1 : 2- and -1 : 4-diol were 
considered. This investigation has now been extended to cyclohexane-1 : 3-diol, the chemistry 
of which has been sporadically studied by earlier workers. Most of these obtained the 
diol by hydrogenation of resorcinol, generally in poor yield owing to the simultaneous occurrence 
of hydrogenolysis, which appears to take place particularly readily with | : 3-glycols (cf. Connor 
and Adkins, /. Amer. Chem. Soc., 1932, 54, 4678). The most extensive investigations were made 
by Palfray and Sabetay (Bull. Soc. chim., 1928, [iv], 48, 895), Rothstein, Palfray, and Sontag 
(tbid., 1929, [iv], 45, 683; Compt. rend., 1929, 189, 188), and Rothstein (Ann. Chim., 1030, (x), 
14, 461). Many esters and ethers were prepared; most of these were liquids, but a solid 
dibenzoate was described, the cis- and the #ans-form of which were separated by fractional 
crystallisation; these benzoates were very resistant to hydrolysis, but eventually, with some 
difficulty, the cés- and the trans-diol were obtained. Lindemann and Baumann (A nnalen, 1929, 
477, 78) also succeeded in separating the dibenzoates, but failed to effect their hydrolysis; they 
obtained the cts- and the frans-diol from the bisphenylurethanes and bistriphenylmethy! ethers 
The latter derivatives were also used for this purpose by Coops, Dienske, and Aten (Rec. Trav 
chim., 1938, 57, 303). The most recent work is that of Rigby (/., 1949, 1586, 1588) who separated 
the stereoisomers by fractional crystallisation from acetone; he also resolved the trans-diol, 
thus providing the first conclusive proof of the stereochemical structures (the failure of 
Lindemann and Baumann to resolve the cis-diol cannot be regarded as satisfactory evidence). 
It is interesting that these were originally allocated on the basis of the relative melting points of 
derivatives, on the assumption that cis- had melting points lower than frans-forms; by chance, 
this happened to be so for all derivatives described at the time, but, as will be evident in the 
sequel, this supposition is not always correct. 

Resorcinol was hydrogenated in methanol over Raney nickel. Hydrogenolysis always 

occurred, a considerable amount of cyclohexanol being formed, but the cyciohexane-1 : 3-diol 
yield, 45%) was readily purified by fractional distillation. Apart from the rather tedious 
nature of the process, little difficulty was found in the preparation and separation of the cis- 
and the trans-dibenzoate. The only previously successful hydrolysis of these esters had been 
carried out by Rothstein (loc. cit.), and we have confirmed his observation that with boiling 
alcoholic potassium hydroxide a long period of heating is necessary. In the case of cyclohexane- 
1 : 4-diol, however, it had been found (Owen and Robins, Joc. cit.) that a particularly satisfactory 
method for the preparation of the diols from the cis- and the trans-diacetate was catalytic 
alcoholysis by a trace of sodium methoxide in cold methanol. This procedure failed completely 
with the | : 3-dibenzoates, thus providing a further illustration of their greater stability, but at 
50° alcoholysis proceeded smoothly, and in excellent yields; the ease of isolation by this method 
is in marked contrast to the drastic and much less efficient hydrolytic process. 

Rothstein (Joc. cit.) made the rather remarkable claim that benzoylation of the pure cis-diol 
is accompanied by partial inversion and gives some trans-dibenzoate. No experimental details 
were given, nor was there any indication of the method of benzoylation which brought about 

6T 
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this change, and it is more probable that his cis-diol was impure and contained some of the 
trans-isomer. Lindemann and Baumann (loc. cit), and Rigby (loc. cit.), obtained only the 
ots-dibenzoate from the cis-diol, and we have confirmed their results. 

By debydration of cyclohexane-1 : ¢-dicl over alumina, Otberg, Pines, and Ipatiefi (J. Amer. 
Chem. Soc., 1944, 66, 1096) obtained | : 4-epoxycy . However, with the | : 3-diol (I) no 
oxide could be detected, the main product being cyclohexen-4-ol (II). 

From the appropriate form of the diol, eee ee Maes 
by standard motheds : ots-bisphenylurethane, cis- and trans-dimeth Iphonates, cis- 
trans-ditol Iphonat Tos domuatinn of eaneausieed vase at este fon te he 
1: 4-series (cf. beak ann Robins, loc. ci#.). Thus, the 1 : 3-diol reacted only very slowly with 
1 mole of toluene-p-sulphony! chloride in pyridine at 0°, and it was necessary to allow the 
reaction to proceed at room temperature for 3 days in order to obtain the monotoluene-p- 
sulphonate (III). The products from the cis- and the trans-diol were oils, but on benzoylation 
gave the crystalline benzoate toluene-p-sulphonates (IV). Methanesulphonyl chloride is 
considerably more reactive than toluene-p-sulphony! chloride, and to avoid excessive formation 
of the dimethanesulphonates much milder conditions were necessary; these monoesters aiso 
were liquids, but on benzoylation gave crystalline benzoate methanesulphonates. 


Oe OH 
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kK Me-SO, or p-Me-C, Hy SO, 


A mixture of the stereoisomeric monobenzoates was prepared by Rothstein (loc. cil), 
apparently in poor yield, by treatment of the mixed 1 : 3-diol with | mole of benzoy! chloride in 
the absence of any base Dimroth and Resin (Ber., 1942, 75, 322) also prepared some monoesters 
of the 1: 3-diol in their search for a route to 3-hydroxycyclohexanone, but the individual cis- 
and trans-monobenzoates were first prepared by Rigby (loc. cit.), by partial hydrolysis of the 
respective dibenzoates. By applying the method used successfully in the 1 : 4-series (Owen 
and Robins, loc. cit.) we have independently obtained the pure cis- (yield, 60%) and frans- 
monobenzoates (yield, 42%) (V); both were oils, but were characterised by methanesulphonation 
and toluene-p-sulphonation to give the crystalline derivatives (IV) identical with those obtained 
by benzoylation of the monomethanesulphonates and monotoluene-p-sulphonates. The 
monobenzoates also gave the crystalline phenylurethanes subsequently described by Rigby, one 
of which, m. p. 167°, derived from the cis-compound, is probably identical with the substance 
m. p. 168—169°, of hitherto unknown configuration, obtained by Rothstein from his mixed 
monobenzoate 

The melting points of the new derivatives are recorded in the Table, and it is of interest that 
in every case where both forms are solid the cis-form has the higher value. 


Derwatives of cyclohexane-| : 3-diol. 
M.p 
ets trans- 


Ditoluene-p-sulphonate - 08 92° Benzoate methanesulphonate ... 

Dimethanesulphonate . 125 97-5 Benzoate toluene-p-sulphonate 

Toluene-p-sulphonate methane: Benzoate phenylurethane 
sulphonate : a5 Biephenylurethane 


In previous papers in this series, attention was drawn to the possibility of the formation of 
epoxyeyclohexanes by intramolecular loss of a sulphonic acid from a monosulphony!l ester of a 
diol, and such a reaction was shown to occur with the 1: 2-, but not with the 1: 4-diol; the 
behaviour of the | : 3-derivatives was therefore of particular interest. Since the elimination of 
a sulphonyloxy-group in oxide formation is accompanied by inversion on the carbon atom 
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carrying that group, the compound most likely to yield the | : 3-epoxide on treatment with 
alkali is the frans-monotoluene-p-sulphonate (or monomethanesulphonate) (III). This com- 
pound, in cold methanol, reacted with 1 mole of sodium methoxide, and sodium toluene-p- 
sulphonate was rapidly formed, but the main product was cyclohexen-4-ol (II); the reaction 
therefore takes the same course as with the | : 4 

The cis- and the #rans-dimethanesulphonate (V1), with hot aqueous alkali, gave a mixture of 
eyclohexa-1 : 3- (VII) and -1 : 4-<liene (VIII) and cyclohexen-3-ol (IX), elimination and replace- 
ment reactions having taken place. When the dimethanesulphonates were treated with 
potassium acetate in boiling ethanol, free acid was liberated, indicating the occurrence of 
elimination or alcoholysis, and the only recognisable products were cyclohexadienes, there being 
ao daianen tis tha ieametienaiann aaa as had been observed in the | : 4-series. Further- 
more, the cis- and the trans-ditoluene-p-sulphonate, and the cis-dimethanesulphonate, with 
sodium benzoate in methanol gave only cydobexadienes and the theoretical amount of benzoic 
acid. 

Several derivatives were treated with lithium chloride in boiling ethanol : 
substitution observed, the elimination reaction being dominant. The frans- manctotnene-p- 
sulpbonate (IIT) gave cyclohexen-4-ol (II); the cis- and the trans-benzoate tol 
(IV) gave cyclohexen-4-yl benzoate (X); the cis- and the trens-ditoluenc-p-sulphonate : and the 
trans-dimethanesulphonate (VI) gave cyclohexadienes. Some substitution, however, occurred 
with sodium iodide in acetone, and 1 : 3-di- -iodocyclohexane | (Xt) was obtained from the trans-di- 
toluene-p-sulphonate and from the cis- and the trans-d te; the product in each 
case was a liquid, so that no conclusion could be drawn about its stereochemical 
Substitution also occurred when the cis- and the trans-benzoa' p-sulpbonat 
reacted with sodium iodide, but the resulting benzoate iodide could not be separated from 
accompanying unsaturated material. The di-iodide (X1) is possibly the first 1 : 3-dihalogeno- 

to be described, since, according to Rothstein (loc. cit.), attempts to prepare 
1: 3-dichloro- and 1 : 3-dibromo-cyeloh by reaction of the | ; 3-diol with the appropriate 
hydrogen halide have always given | : 4-dihalogenocyciohexanes. It is unlikely that any such 
rearrangement would occur under the present conditions; furthermore, both sterecisomeric 
forms of 1 : 4-di-iodocyclohexane are crystalline solids, whereas the di-iodide now obtained is a 
liquid. 

Considering the results as a whole, it is clear that in the reactions of the sulphony! esters of 
cyclohexane-| ; 3-diol elimination takes place even more readily than with derivatives of the 
1: 2- and 1: 4-<diols. This is particularly evident in the reactions with lithium chloride, in 
which replacement of a sulphonyloxy-group by chlorine occurs readily in the 1 : 2- and the 1 : 4-, 
but not in the | : 3-, series 

The formation of cyclohexen-3-ol (IX) from the dimethanesulphonates (VI) is of interest, 
since in the other instances when a cyclohexenol was formed it was the isomer (II). At first sight 
it may appear that (IX) could be formed via (II) by isomerisation under the alkaline conditions 
of the reaction, since it is known that unsaturated alcohols undergo such changes in the 
presence of alkali (cf. Hargreaves and en, J., 1947, 753, 756). The present conditions, 
however, are much milder than are usually necessary to bring about the isomerisation, and (IT) 
was in fact unchanged by being heated at 100° with 10% aqueous alkali. The elimination to 
give (TX) rather than (II) must therefore be a consequence of the presence of the two 
sulphonyloxy-groups in the molecule. 


EXPERIMENTAL. 


cis- and trans-cycloMesane-1 ; 3-diol.—Resorcinol (200 g.) in methanol (200 c.c.) was b 
at 130°/120 atm. over Raney nickel (ce. - 0 Bop aeranaes be, Ge samen of Furia nad Adee ‘ 
Chem. Soc., 1946, 68, 1471). The rate of absorption d on the fresh of the catalyst, but was 
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light petroleum (b. p. 40-60"), and set aside in the refrigerator ; 

trituration with cold methanol the solid was recrystallised from the 

to give short thick needies of the cis-dibenzoate, m. p. 67:5", depressed to 58° on admixture with the 
frams-isomer 


The trans-dihenzoate (50 g.) was dissolved in dry methanol (150 c.c.), and a 5% solution of sodium 

in dry methanol| (0-6 c.c.) was added. The mixture, protected from moisture, was warmed at co. 3 

for 24 hours. Water (0-5 o.c.) was then added, and the alkali was neutralised with carbon dioxide 

removal of methanol by distillation, ety a@ liquid which on fractionation gave methy! 

*/15 mm., and the trans-diol (14 g., 79%), b. p. 140-~142°/15 mm.; the latter solidified, 

ystallisation from ethyl acetate formed tes, m. p. 1155". The my ye ee of 

trans-cyclohexanc-| - 3-diol crystallised from light petroleum (b. p. 80—100°) in fine . m. p. 72—-73° 
(Found : C, 68-0; H, 60. C..Hy,O,N, requires C, 67-8; H, 63%) 


The ets-dibenzoate (29 ¢.) was treated in a similar way. On removal of the methanol, however, the 
ets-diol crystallised from the methyl benzoate solution. Light um (b. p. 40-—60") (150 c.c.) was 
therefore added, and the diol was Gitered off and washed with light petroleum (yield, 92 .). Recrystal- 
ligation from acetone gave &7 g. (84%), m. p. 855°. A portion (10 g.) was benzoylated under the 
conditions used for the mixed dial ; recrystallsation of the product from methanol gave 2-5 g. (00%) of 
cis-dibenzoate, m. p. and mixed m. p. 67°, with no indication of any trans-isomer. 


Dehydration SB penny 3 3-diol.-The mixed diol (21 g.) and activated alumina (15 g.) were 
heated, in an oil-bath at ca. 240", in a flask fitted with a short fractionating column, the distillate being 
collected during 20 hours. Water (1-8 g.) was separated from the organic layer, and the latter was 
dried (Na,SO,) and distilled to give eyclohexen-4-ol (8-0 g.), b. p. 160—163°, wf? 1-4810, characterised as 
the e-naphthylurethane, m. p. 124-5" 


Ditoiuene-p-sulphonates.(a) The trans-diol (60 g.), toluene-p-sulphonyl chloride (19-6 g.), and 
pyridine (100 ¢.c.) were set aside overnight and the solution, containing much pyridine hydrochloride, 
was then diluted with chloroform (150 c.c.) and washed with 4n-sulphuric acid i x 200 c.c.), followed 
by water. The chloroform solution was dried (Na,SO,) and evaporated to an oil, which solidified. The 
trans-difoluene-p-sulphonate crystallised from methanol in rec lar plates (18-9 ¢.. 86%). m. p. 90°, 
raised on further crystallisation to 02° (Found: C, 568; H, 5-6. C,H,,0,S, requires C, 54-6; H, 5-7%) 


(b) The cts-diol (2-0 ¢.), similarly treated, gave the cis-difoluene-p-sulphonate (6-55 g., 88-5%), which 
crystallised from chioroform-—light petroleum (b. p. 80-—100°) in plates. m. p. 108°, depressed to 84—85° 
on admixture with the #rans-derivative (Found . C, 56-9; H, 61%) 


Dimethanesul phonates.—(a) Methanesulphony! chioride (9-9 g.) was slowly added to a stirred solution 
of the frans-diol (5-0 g.) in pyridine (50 cc.) at O°; the solution was then set aside overnight and worked 
up as for the ditoluene-p-sulphony! derivative. The trans-dimethanesulphonate (11-4 g.. 97%) solidified 
om removal of the chloroform and crystallised from methanol in rosettes of needles, m. p. 97-5° (Found 
©, 36-6; H, 68. C,H,,O,S, requires C, 35-3; H, 50%) 


(6) The eds-diol (1-25 g.) similarly gave the cis-dimethancsulphonate (2-5 g., 85%), which crystallised 
from methanol in needles, m. p. 125° (Found: C, 35-3; H, 61%). A mixed m. p. with the trans 
derivative was 5687" 


It was possible to separate the cis- and the trans-dimethanesulphonate, prepared from the mixed dio! 
mn a similar way, by fractional crystallisation from methanol, the ctis-com nd being the less solubie 
Both were soluble in hot water, but only the trans-derivative readily crystallised on cooling. 


Monodensvoates 4) Benzoyl! chloride (5-8 g.) in pure chloroform (150 c.c.) was added during 4 hours 
to a stirred solution of the frans-diol (4-8 g.) in pyridine (50 c.c.) at 10" The solution was set aside 
at room temperature overnight and then washed successively with dilute sulphuric acid and aqueous 
sodium carbonate, dried (Na,SO,), and evaporated to an oil, which deposited some crystalline materia! 
The whole product was dissolved in the minimum amount of boiling methanol; when cooled, the trans- 
dibenzoate (22 g.), mp. 122°, separated and was removed. The methanol solution was then evaporated 
to an oi], which on distillation gave the frans-monobenzoate (3-8 g., 42%), b. p. 120-—-130° (bath) /0-005 
mm., as a viscous oil. A small portion, treated with phenyl isocyanate in the usual way, gave the 
trans-benzoate phenylurethane, which crystallised from benzene—light se (b. p. 60-80") in 
rosettes of needies, m. p. 112° (Found: C, 70-0, H,@1. Calc. for C,,H,,O,.N; C, 70-5; H, 625%). 
Treatment of another portion with acetyl! chloride in py ridine gave the trans-ecetate benroate as an oil, 
b. p. 85-—-00° /0-0004 mm. (Found: C, 686-9; H, 7-2. C,,H,,O, requires C, 68-7; H, 6-9%) 


(6) The cis-diol, on benzoylation under similar conditions, gave the cis-monobenzoate (60%), b. p 
130.135" (bath) /0-003 mm. It gave a phenylurethane, m. p. 167 


Bensoate Toluenc-p-sulphonates.-The trans-monobenzoate (3-8 g.) was treated overnight with 
toluene-p-sulphony! chloride (3-3 g.) in pyridine (30 c.c.) and worked up ia chloroform (60 c.c.) as 
previously described. The trans-densoate toluenc-p-sulphonate (4-65 g.. 72%) crystallised from light 

troleum (b. p. 80-—100°) in plates, m. p. 89° (Found 644; H,61. C #,,0,5 requires C, 64-2; H 
59%). Similar treatment of the eis-monobenzoate (2-0 g.j gave the cis-benzoate toluene-p-sulphonate 
(2-8 g., 82-5%), which crystallised from methanol in fine needles, m. p. 97° (Found: C, 63-7; H, 5-7%), 
On admixture of this with the frans-compound the m. p. was depressed to 78—80°. 


Benzoate Methanesuiphonates.—These were prepared in a similar way to the preceding compounds. 
The trans-bensoate methanesulphonate (83%) formed needles, m. p. 65°, from light petroleum (b. p. 80— 
100°) (Found: C, 364, H, 60. C,,H,,0O,S requires C, 56-4; H, 6-1%) cis-hensoate methan: - 
5 4 (92%) crystallised from light petroleum (b. p. 80—100°) in needles, m. p. 104° (Found: C, 
56-7; H, 66%) 
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Eva 
soluble oil, which could not be distilled without decomposition. The of 
similar properties. 

Treatment of these derivatives with benzoyl chloride in aon gave the trans-, 
cis-form, m. p. 103°, respectively of the ben te, identical wi 
described. 

The trans-monometh H te (04 o), with | tol - Iph yl chloride (0-4 ae 

ave the trans-methanesulphonate toh , which from ethanol OF goa 
(Found: C, 48-1; , 60. Cit OS requires C, 483; H, 58%). The os-monomethane- 
sulphonate on similar treatment gave 

Reaction of the trans- M onotol p-sulphonate with Sodium Methoside. —A 5% solution of sodium in 
methanol (25 c.c.) was added to the derivative (14-8 g.) in methanol (50 c.c.). Sodium toluenc-p- 
sulphonate began to separate after a few minutes. After the mixture had been left for 2 da = room 
temperature, a few drops of water were added and the residual alkali was neutralised h carbon 
dioxide. The solution was filtered, and the methanol was removed by distillation through a short 
fractionating column; the distillate was unsaturated. Distillation of the residue main fraction 

4-1 g.), b. p. 04—115°/70 mm., which on redistillation gave eyclohexen-4-ol, b. p. 150165", wit 1.4806, 
characterised as the a-naphthylurethane, m. p. 128°. 

Reaction of the Dimeth iphonates with Alhali.—The cis-derivative (10 g.) was stirred for 2) hours 
at 90° with 5% % aqueous sodium h roxide (120 c.c.), in which it was ysoluble, A slow stream 
of nitrogen was passed through flask and reflux condenser, and ¢, through a calcium chloride 
tube, to a solution of bromine in carbon tetrachloride. From the latter solution there was obtained the 
tetrabromide of cyclohexa-1 : 4-diene, m. 188°. The alkaline solution was extracted with ether 
(4 x 3 c.c.), the extracts were dried (N ),) and evaporated, and the residual eompemias © @) 
was distilled to give cyclohexen-3-ol (75%), b. p. 160-—165", 1-4777, characterised as the phe 
urethane, m. p. 107°, and the e-naphthylurethane, m. p. 155° (Willst&tter and Sonnenfeld, Bert vs. 
46, 2962, give 107° and 156°). 

The trans-dimethanesulphonate (10 g.) on similar treatment gave 1-0 g. (28%) of cyclohexen-3-ol. 
For half of the reaction period the stream of nitrogen was passed through pure ethanol, spectroscopic 
examination of which then showed the presence of cyclohexa-| : 3-diene (light absorption max., 2580.) ; 
in addition, the tetrabromide, m. tyes of cyclohexa-1 : 4-diene was obtained as before. In view of the 
much smaller yield of cyclohexen- the aqueous residues were examined for cyclohexane-1 : 3-diol, but 
none was detected. 


After a similar on eg the trans-ditol Iphonate was recovered quantitatively. The 
non-reactivity is probably due to its insolubility in et me ) alkali. 

Reaction of the Dimethanesulphonates with Potassium Acetate —A solution of the trans-derivative 
(2-2 g.) and anhydrous potassium « acetate (3-9 g.) in ethanol (60 c.c.) was heated under reflux for 24 hours 
A bromine absorption train was used, as previously described, and from it the tetrabromide, m 188°, 
was recovered. The alcoholic solution (which now contained free acetic acid) wes diluted with water 
and neutralised by titration with 0-216n-sodium hydroxide (42-6 c.c., onding to the formation 
of 1-2 moles of acid). Most of the alcohol was | then distilled off, and the residua! aqueous solution was 
extracted with chloroform; only unchanged trans-d honate (0-7 g.), m. p. 95°, was obtained 

Similar results were obtained with the cidimmethaneeuiphonate which was heated for 40 hours, 
1-5 moles of acetic acid were liberated, and the tetrabromide, m. p. 188°, was isolated as before. 

Reaction of the Disuiphonates with Sodium Benzoate.—The css-dimethanesulphonate (1-0 g.) and sodium 
benzoate (2-7 g.) were ted under reflux in methand (60 c.c.) for 3) hours. Tetrabromocyclohexane, 
m. p. 187°, was obtained, as previously described, from a bromine tion train. The solution was 
diluted with water, concentrated to remove methanol, and extracted with ether to yield benzoic acid 
0-9 g., 2 moles), m. p. 120°. 

Essentially the same results were obtained with the cis- and the SRN sulphonate. 

Reactions with Lithium Chloride.—(a) The trans tol Iphonate (40 g.) and lithium 
chloride (240 g ) were heated under reflux in ethanol (65c.c \ for 40 haere " The solvent was then distilled 
off through a fractionating column (the distillate was unsaturated), and the semi-solid residue was 
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9 OAS extend wah Sw @ x oe) The dried (Na,SO,) extracts were 
.), which combined no halogen; on distillation, some 
}, b. p. 96-—102°/60 mm., an Shusieed bohees Oe when, which probably 
ae decomposed. The cycichexenol was identified by 


prepa tayery “wey race a p-sulph oe 9 6) ond en aoe ES 40 
ethan (26...) was heated under retus for 40 hours and then concentrated to smal! bul 

wee dated with mete hand enracind with chit, to give an wontaraed a (059). bP Ow 
10 on mm., #§ 1-5218, which contained no halogen. It mas bydralyand by bein at 
0 peous potassrum hydrosde for 4 bors on the steam-bath, and gave 

the 4 5-dinitrobenzoate, m. p. and mixed m p. 100-—101°. 

Giebriadeens ands th, Oe ene tol fP-salphonate 

sulphonate (1.0 5) and lithium chloride (06 g.) were heated under tefux 


4 stream of nitr — through the apparatus and into a 
, From the latter were obtained 








the residue was dissolved 


im water (40 c.c.); extraction with ether (3 x 70 c.c.) gave no product. 
No chiorine-containing product was obtained on repetition of the experiment (i) with a period of 
beating of only 3 hours, when 65% of the ditoluene-p-sulpbouate was recovered unchanged, (ii) when 
the reaction was carried out ia a sealed tube at 150° for 2 hours, or (iii) under the original conditions, with 
exther the cis-ditoluene-p-sulphonate or the trans-dimethanesulphonate 
Reactions with Sodswm lodude.-a) The cas-ditoluene-p-sulphonate (1-0 sodium iodide (1-8 g.), and 
pure acetone (26 ccc.) were heated tm sealed tube for 1 hour at 190". The 
iM from 


dark brown solution was 
te (0-73 g., 80%) and was concentrated to a semi-solid residue . 

this was diluted with water sce c.) and extracted with ether (3 x 35c.c.). The extracts were washed 
with aqueous sodium thiosulphate to remove free iodine, dried (Na,SO,), and evaporated below 40° under 
reduc egy to give a colourless off. Distillation at 65° (bath) /0<0001 mm., gave | : 3-di-iedocyclo 

hexane (0-37 g., 47%), wi 1.6225 (Found: I, 76-6. C,H,,f, requires I, 75-6%) 


A und with sunilar properties was obtaimed (i) from the cis-dimethanesulpbonate by heating 
it with sodium todade in acetone under reflux for 100 hours, aad (ii) from the trans-ditoluene-p-sulphonate 
by heating under reflux for 20 hours of at 100° for 2 hours. 


()) The trens- -benzvate toluent-p-sulphonate (1:5 .), sodium jodide (1-5 g.) and acetone (40 c.c.) were 
heated in a sealed tube for 3 hours at 100°. Sodium toluene-p-sulphonate (0-66 ¢., es! was removed. 
ane Sn extinns einen wan Samn® vp tp Sian Segre en nap eneaenes BE 
starting material (0-15 g. ated from this by crystalhsation from Sapaen eieed nak tee 
recovered ot] was at 60° )/0-0004 mm. to give a coloarless liquid (10 g.), n¥f 1-5514, which 
contained iodine (Found: 1, 16-09%) bet no sulphur. It was, however, unsaturated and could not be 
further purified. Sumilar results were obtained with the cis-derivative. 


Stabslity of eee ‘te. by dehydration of eyclohexane-| : 4<diol with s uric acid 
(cf. Senderens, Compt. rend , Jaen 191), eyeishexen-4-ol had b. p. 162—-163°, eB las , and gave 
the phenylurethane, m portion of the alcohol (1-3 g.) was stirred under reflux with 10% 
aqueous sodium wpdrenide (38 Wc.c re Pyoo" for Shours. Light petroleum (b. p. 40—60") was then added. 
aad the organw layer was removed, dried ((€ ), and evaporated to an oil, which on distillation gav« 
only eyelohexen-4-ol (0-85 g.), b. p. 162-164", 1.4852, characterised as the phenylurethane, m. p. and 
mixed m.p. Si". (The pinayteethans ot eyed 3-ol has mw. p. 107°.) 
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434. Alicyclic Glycols. Part V. 3-Hydroxymethyleyclohexanol. 
By M. FP. Crarke and L. N. Owen 


Lhe pene of 3-hydroxymethyleyclohexanol (1) from m-hydroxybenzoic acid is described 
Several derivatives of the as- and the #ans-form have been obtained and their reactions 
studied. Toluene-p-sulphonyl and methanesulphony! substituted into the primary hydroxyl 
group undergo normal replacement by alkoxy-, acetoxy-, chloro-, and jodo-groups; sulphonate 
esters of the secondary group more readily undergo the elimination reaction, but substitution, 
when it cccurs, is accompanied by inversion of configuration. The cyclic ether, 1 : 3-endo- 
methyleneoxyeyelohexane (XII) has been obtained by the action of alkali on the primary 
monotoluene-p-sulphonate and on the primary monochloride (3-chloromethyicyelohexanol) 


Tux syathesis and properties of 4-hydroxymethyleyclohexanol were recorded in Part III 
(Owen and Robins, ]., 1949, 326). The synthesis of 3-hydroxymethyleycohexanoi (I) has now 
been accomplished by a similar series of reactions. Benzoic acid was converted in 90% yield 
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mto s-hydroxybenzos acd by suiphonation, and fusion of the sodrum benrene-m-subphonate 
wrth potassium hydroxide, the use of sodium hydroxkie for the fusion having given unsatis- 


cCO,H CO, CO, tt CO, Et CO,Rt CHyOH 
9 é, é: 


; yy 
8 P=. Oot 4 « Jon ry «Jou gt \_ ou ere 4 ( Jou 


factory results (cf. Offermann, Annalen, 1804, 280, 5). An alternative route to the m-hydroxy- 
acid, involving diazotisation of m-aminobenzoic acid, was also investigated, but the overall 
yield was small. Esterification, followed by hydrogenation over Raney nickel, gave ethy! 
3-hydroxycyclohexanecarboxylate in good yield; this compound had previously been obtained, 
in very poor yield, from 3-aminocyclohexanecarboxylic acid by Bauer and Einhorn (ibid., 
1901, 319, 324). Bouveault-Blanc reduction then gave the diol (I) as a viscous liquid from 
which, unlike the 4-hydroxymethy! isomer, no solid form could be separated. The overall 
yield of diol, from benzoic acid, was nearly 50%. 

As a by-product from the Bouveault-Blanc reduction, a small amount of 3-hydroxyecyeclo- 
hexanecarboxylic acid was recovered, which after purification was the cis-form, m. p. [32° 
(cf. Einhorn and Coblitz, ibid., 1896, 291, 297; Perkin and Tattersall, ]., 1907, 91, 480). This 
was esterified, and then reduced by the Bouveault-Blanc method, but again, as shown by the 
preparation of derivatives (see below), the resulting diol was 4 mixture of stereoisomers; not 
unexpectedly, therefore, same isomerisation had occurred during the reduction. The mixed 
diol was also prepared by reduction of the hexahydro-ester with lithium aluminium hydride 
(ef. Nystrom and Brown, J. Amer. Chem. Soc., 1947, @8, 1197, 2548). 

Since the diol itself could not be obtained directly in any one pure stereochemical form, 
attention was directed towards the preparation of suitable derivatives. In this way it was 
eventually possible to achieve the desired separation, and also, on the basis of certain reactions, 
to allocate the appropriate stereochemical structures to the derivatives 

The diacetate and dibenzoate were liquids, but the di-p-nitrobenzoate, dimethanesulphonate 
and bisphenylurethane were solids, each of which by fractional crystallisation was separated 
into two forms, m. p.s 141° and 162°; 103°5° and 103°; 162° and 122°, respectively. The 
bis-3 : 5-dinitrobenzoate, m. p. 181°, and ditoluene-p-sulphonate, m. p. 95°, were also solids, 
but only the one form of each could be crystallised. By distillation of one of the bispheny!- 
urethanes (m. p. 162°) with sodium hydroxide, the corresponding form of the diol was obtained 
as a liquid; from this, a bis-3 : 5-dinitrobenzoate, m. p. 181°, a dimethanesulphonate, m. p 
103°5°, and a ditoluene-p-sulphonate, m. p. 96°, were prepared, each of which was identical 
with the derivative of similar melting point obtained from the mixed diol. Furthermore, 
hydrolysis of the di-p-nitrobenzoate, m. p. 141°, also gave the same stereoisomer of the diol, as 
shown by formation of the damethanesulphonate, m. p. 103°5°. (The similar melting points 
of the two stereoisomeric dimethanesulphonates did not introduce any uncertainty, since a 
mixture of the two had m. p. ca. 86°; either form could therefore be readily recognised.) This 
diol also gave a bis-a-naphthylurethane, m. p. 166°6". Hydrolysis of the di-p-nitrobenzoate, 
m. p. 162°, gave the other form of the diol, from which the different dimethanesulphonate, 
m. p. 103°, was obtained, thus providing additional confirmation of the inter-relationships. 

Six derivatives were therefore known of one form, and three of the other form, of the diol; 
these are summarised in the Table, the stereochemical structures recorded being those assigned 
later 


Derivatives of 3-hydroxymethyicyclohexanol. 
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secondary group to some extent undergoes replacement with inversion. Somewhat similar 
results were obtained by treatment with aqueous alkali of the (cis + trans)-ditoluene-p- 
sulphonate, when, in addition to unsaturated material, some free diol was formed which was 
shown to consist mainly of the frans-form by conversion into the di-p-nitrobenzoate, m. p 
161°. Since the original mixed diol, and hence the mixed ditol p te, appears to 
contain predominantly the cis-isomer (as judged from the proportions ‘of cis-derivatives formed 
from it), inversion has occurred in the hydrolysis 

When the cis-dimethanesulphonate was treated with potassium acetate in boiling ethanol, 
the solution became acid to an extent corresponding to the formation of 0-9 mole of methane- 
sulphonic acid. The main product isolated was ethoxymethyleyclohexene (111) or (IV), but 
some frans-diacetate was also formed, characterised by hydrolysis to trans-diol and formation 
of the di-p-nitrobenzoate. The ftrans-dimethanesulphonate, on similar treatment, gave 
ethoxymethylcyclohexene and the cis-diacetate. Thus, although the possible products were 
not all isolated and may not all have been formed, it is clear that the primary sulphonyloxy- 
group undergoes replacement both by the acetoxy- and by the ethoxy-group, whilst the 
secondary sulphonyloxy-residue undergoes both elimination and replacement (the latter with 
inversion) 





Ms «~ CH,’SO,, Ts « p-,H,MeSO, 
CHyOMs CH,R CH,R CH,I CHyOBs 
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HC-OH 
‘ Vill 
ou 
6 H« = ¥ 
, HCOOH 
Leds, 
(XV) 


CH, 


Xt XII XVII 


The cis-dimethanesulphonate reacted readily with sodium iodide in acetone to give 3-iodo- 
methyleyelohexy! iodide (V), but with lithium chloride in ethanol! a high yield of the elimination 
product, chloromethyleyclohexene (VI) or (VII), was obtained. The behaviour of the secondary 
group towards these two reagents is similar to that observed with methanesulphonates of 
eyelohexane-| : 3-diol (Part IV, preceding paper). 

Mono-esters of 3-hydroxymethyleyclohexanol were prepared by methods similar to those 
used for the 4-hydroxymethy] isomer (Owen and Robins, loc. cit The w-toluene-p-sulphonate 
(VILL) and the w-benzoate (IX) were liquids; the latter derivative on oxidation with chromic 
acid gave 3-benzoyloxymethyleyclohexanone (X). The w-methanesulphonate was a water 
soluble oil which could not be satisfactorily purified. When the cis-diol was heated with 
fuming hydrochloric acid, cis-3-chloromethyleyclohexanol (XI) was formed, which gave an 
a-naphthylurethane, m. p. 142°; the reaction was slower than had been observed in the prepar- 
ation of 4-chloromethylcyclohexanol. The chloride was also prepared, as a cis—trans-mixture, 
from the mixed diol; only the cis-a-naphthylurethane, m. p. 142°, could be isolated in a pure 
state from this chloride, although indications of another solid isomer were observed. It was 
also possible to obtain the chloride by reaction of the w-toluene-p-sulphonate (VIII) with 
lithium chloride 

The possibility of preparing cyclic oxides by intramolecular elimination of a sulphonic acid 
between a sulphonyloxy-group and a suitably disposed hydroxy! group has been discussed in 
earlier papers in this series, but only in the case of 1 : 2-epoxycyclohexane has the method been 
successful. During the present work, in one preparation of the monotoluene-p-sulphonate 
(VIII) an odour saggestive of a cyclic oxide was observed, and it was found that when (VIII) 
was heated with solid or aqueous sodium hydroxide a small yield of a volatile crystalline com- 
pound, C,H,,O0, m. p. 96-—07°, was obtained. This material, which has a pronounced camphor- 
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aceous odour, is the hitherto unknown | : d. th dob (X11), the simplest 





analogue of m-cineole (XIII). mony omic which was carried out on the mixed stereoisomers 
of (VIII), unsaturated by-products were formed, but a proportion of the monotoluene-p- 
sulphonate was recovered from the reaction mixture; the recovered ester was largely un- 
affected by further treatment with alkali and was possibly the #rans-form, since only the eis- 
compound would be expected to give the oxide (inversion accompanying removal of the primary 
sulphonyloxy-group does not affect the stereochemistry of the ring system). The oxide was 
also formed when (VIII) was treated with methanolic sodium hydroxide, but the main product 
then was 3-methoxymethyleyclohexanol (XIV), intermolecular reaction with the solvent 
evidently occurring more readily than intramolecular reaction with the secondary hydroxy! 
group. The possibility that (XIV) was formed vie the oxide is very unlikely in view of the 
stability of the latter (see below). 

A more convenient method of preparing the oxide was to treat the chloride (XI) with solid 
sodium hydroxide, and, since the oxide could be obtained in this way from the chioride derived, 
as mentioned above, from one stereoisomer of the diol, it follows that this stereocisomer is 
probably the cis-form, since the dehydrochlorination would not be expected to cause any 
inversion on the carbon atom carrying the hydroxyl group. It is on this evidence, supported 
by a further observation considered below, that the configurations, already assumed, have 
been based 

The oxide ring in (XII) is of the type encountered in tetrahydrofuran and in the 3 ; 6-anhydro- 
sugars, and in common with such compounds it shows considerable stability. The oxide 
was unafiected by water at 100°, Sn en ae 
or toluene-p-sulphonic acid a other or 
392) found that, when 1: 





fission in a direction such that the 1: 6-dichloro-compound (XVI) is 

oxide (XII) was similarly treated it gave, according to the amount of hy: i 

either 3-chloromethylcyclohexanol (XI) or 3-chloromethyleyclohexyl chloride (XVII). The 
ring-opening to give the former compound would not be expected to lead to inversion, and 
consequently the monochloride formed in this reaction is probably the cis-form; it gave an 
a-naphthylurethane, m. p. 142°, identical with that described above, which, on evidence of 
oxide-formation, had already been allotted a cis-configuration. 


EXPERIMENTAL. 


m-Hydroxybenzovc Acid —Sodium hydrogen m-calphobensoate (239 s ) 

Offermann (loc. ctt.), was mixed to a paste with 45% aqueous sodium h 

a basin heated on the steam-bath, and powdered sodium hydroxide ( 

mixture, which solidified when allowed to cool. The act was broken into small and added 
during 4 hour to fused potassium hydroxide (335 g.) contained in an iron vessel, internal tem- 
perature being maintained at 210—220° during the addition and for a further . % hours. The cooled 
mass was then dissolved in water (1 1.), and the solution filtered and acidified with hydrochloric acid 
m-Hydroxybenzoic acid (133 g., 91%), m. p. 198-—-200°, was precipitated. It was collected and washed 
with a little cold water. The use of sodium hydroxide for the fusion gave only a 17% yield. 


Ethyl m-H ydroxybenzoate.—Esterification of the acid (126 g.) with ethanol (150 c.c.) and ee 
acid (24 c.c.) under reflux for 6 hours, followed by dilution with water, gave the ester as a solid (118 g., 
89%). After recrystallisation from light petroleum (b. p. 80— 100") it m. p. 72°. 


Ethyl 3-Hydroxycyclohexanecarborylate.—A solution of ethyl] m-hydroxybenzoate 
(400 c.c.) was stirred in the presence of Raney nickel (ca. 15 g.) with ——- at 140") 
tion ceased after 30 hours, and the filtered solution was concentrated fractionally distilled. 
hexahydrobenzoate (18-5 g.) was collected at §4-—00°/16 mm., 1-4500, followed by ethyl 3-hydroxy- 
cyclohexanecarboxylate (105 g-. 70%), b. p. 117-—-122°/1 mm., 14651. There was a small residue 
(17-5 g.) of ethy! m- hydroxybenzoate 


3-H ydroxymethyicyclohexanol.—(i) Eth 3-hydroxycyclohexanecarboxylate (105 &) was dissolved 
2 Ory nana (800 c.c.) contained in a 3-1. Task ttted wmapepens aaa ene 
ee .) was added in one portion and the reduction was allowed to “ggreate 20 pare. 
being heated on the steam-bath when the initial viob baided. all the sodium 

yp et (6 hours), water (150 c.c Nemec be pee Fo eage ne on ge "When alt th under 
reduced pressure. The semi-solid residue was dissolved in a further of water (250 c.c.) and 
continuously extracted with ether for 48 hours. Removal of solvent : 
ave an oil, which on distillation 

p. 117—122°/0-5 mm., 165-1 
C, 64-6; H, 10-86%) 
gave a solid acid, m. p. Repeated 
hexanecarboxylic acid (7-5 ¢ im pis 
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mie soammaans, ciperit, sone consents, ate te otas ester, which was then reduced under the 
sontion ob eb tos hp aaneen 115—119°/0-5 mm., was shown to be a mixture 


di-p-ai (see below). 





(0-2 in ether (10 c.c.), ethyl 3-b 
neat gee: on. 0 meng on, ey nm 


 calpharic acid (33 ce), aGuasurew 
ester, and then extracted with 
" . & p. 120-—122°/0-6 mm., was charac- 
y! derivatives (see below). 
was added te a solution of S-hydronymethyleylobexanol (0-6 g ) 
003, ng Oa cetane Sup on, one dy © oe Sone, Chloroform was then added, 
ee ee ee dried (Na,SO,), 
diacetate as a mobile liquid ft oft.” 
Cy, H,gO, requires C, 61-7; 
me they this was an ofl, which decomposed on attempted distillation. 
pitts Reabenggt ot te epee i meg 
ture. It was then worked 
iacan (0 cc) fave bes crope 
oes ve 





in ott mahal pvotethe | crop of the same material, followed by a new compound, 
m. p 156-156" ; of the latter from ethanol gave the trans-di-p-sitrobemivaie as prisms, 
m. p. 162° (Fouad: N, 62%). A mixture of the two forms had m. p. 128°. 


Bvs-3 bdemstrobensoate Bhp cdg dy 6 yet ache gg wept = 


stallsed 
eanetaepert Pings C, 48-25: Tgp al ‘ean inoue 48-65; H, 3-5%). 
The only other crystalline obtained on dilution « -fquor with methanol 
got HH a m. p. 100° (Pound: N, 8-6. 


een fe ee 
‘eoleeads it formed rosettes of needles, m. p. 


Hisphenylusethane. The diot (2 g.) ome heated oh 80° for 2 hours with sionnt iD oensene-igh 
ina oud tube. The resulting white solid was crystallised from ca. 150 «.c. of I 

goes PB&: eth rte fh Ag > urethane as needles, m. 1 
Found 6; H, 63 H,,O,N, requires C, 68-5; H, Removal of solvent ones the 
mother-liquors gave a sticky otha hich after several cieaiiealioe from benzene—light ogee 
gave the trans-disphenylurcthane, m. p. 122° (Found: N, 7-66. C,,H,,O,N, requires N, 76%). A 
mixture of the two forms had m. p. 120-~122°. 


Dr meth iphonate, A solution of methanesulphony! chloride (22 ¢.) and the diol (12 g.) in 
idiine (80 c.c.) was left at 0° overnight and then up in the usual way with chloroform {150 c.c.). 
product (26 ¢.) solidified and was crystallised from ethyl acetate. Two more recrystailisations 
from this solvent, followed by several from ethanol, gave the cis-dimethanesulphonate (161i g., 61%) as 
rosettes of needles (from ety! acetate), m. p. 103-6" (Found: C, 380; H, 62. C,H,,0,S, requires 
Cc, 37-8; H, 63%). Concentration of the original ethyl acetate mother-liquor gave a crop of crystals, 
m. p. ca. 90°, which after several recrystallisations from methanol gave the trans-dimethanesulphonate 
(3-8 g., 14-56%), m. p. 103° (Pound: C, 381; H, 65%). A mixture of the two forms had m. p. 86-87". 


Ditoluene-p-sulphonate. The diol (3-6 g.) and toluene-p-aulphonyl chloride (11-2 g.) in pyridine, 
under the conditions described for the methanesulphonate, gave a viscous oil which was taken up in a 
small quantity of methanol. Crystals slowly separated out, and recrystallisation from methanol gave 
the cit ditalnemep> —ae as needies, m. p. 05" (Found: C, 67-4; H, 61. C,,H,,O,S, requires 
Cc, 57-6; H, 60 © other crystalline material could be isolated. 


«Benzoate. Benzoyl chloride (2-2 ¢.) in pure chloroform (70 c.c.) was slowly added with good 
stirring to the diol (2-0 g.) in pyridine (15¢.c.)at —10°. The solution was set aside at room temperature 
for 2 y de and then heated on the steam-bath for I hour. The product, isolated as above, was an oil, 
distillation of which gave the @denzoais as a viscous liquid (2-3 ), b. p. 100° (bath) /0-0006 mm., si? 
16087 (Found: C, 71-7; H, 7-0. C,,by,O, requires C, 71-8; H. 7 8%), which tailed to give a crystalline 
methanesulphonate 

w Toluene-p-sulphonate. Toluene-p-sulphony! chloride (143 ¢.) in pyridine (20 c.c.) was added 
during 20 minutes to a stirred solution of the diol (0-8 ¢.) in pyrtiies (0 c.c.) at O°. After a further 
40 minutes at 0° the solution was poured into S~x-sulpburic acid (300 cc.) containing some crushed ice 
The precipitated ofl was taken ap in chloroform and washed with water, and the extract was then 
dried (Na,©O,) and evaporated ander reduced pressure to constant weight (14-1 ¢., 66%). The e- 
tolwene-p- sual p was an almost colourless viscous oi! (Pound: S, 10-8. C,,H,,O,S requires S, 
113%). A yield of only 43% was obtained when the reaction was carried out at room temperature 


The derivative was also by the ual addition of powdered potassium hydroxide (3-7 g.) 
to a stirred solution of the diol (2-05 g.) and toluene-p-sulphony! chloride (4-3 g.) in pure chloroform 
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(iii) The di-p-nitrobenzoate of m. p. 161-162" (1-6 ¢.) was h “ante sent 
an eanedes OO oh on a emma With A a portion gave 
the trans dimethanesulphonate, m. p. 103°, identical with trans-derivative quoviensty Gms described. 
3-Bensoylorymethylcyclohexanone —A solution of chromic anh 
a few drops of water, was slowly added to a 
aa), sae Se Wee ae set aside overnight. Ever (900 cc) was then added, and 
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Reaction of the Dimath 








unsaturated). The 

methylcyclhohesene £t.5. 61%). b. p. 103° 102 mm., 
requires C, 77-1; H, 11-6%). 

(ii) The ois-dimeth Iphonate (3-8 g.) was stirred for 24 hours 
hydroxide (42 c.c.). The resulting clear solution was extracted once wi 
rejected, and then continuously extracted with ether for 18 hours. E 
gave an oi! (0-43 g.), which on treatment with p-nitrobenzoy! chloride in pyridine furnished the di 
sarcteanets m5. od mid mp. 1% ts bee 














aqueocs potassium nous ion of 
alkaline solutions then gave 3-hydroxymethy cyclohexanol (0-75 g.). b. p. 114—117°/1 mm... and an 
undistillable residue (2 g.) of unattacked d The glycol was characterised as the 


di-p-nitrobenzoate, m. p. 161°, identical with the Pty a anal previously 
ip homat with Potessiom Acstete.-(i) The ole-derivative (26 ¢. was 
ater 


drous potassium acetate (4-3 g.) in ethanol (80 cc cc.) for 36 hours. 
eS sodiam and the solution was 
| corresponding 


with 0-216s-sodium byéromide (36-7 cx. 
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It was then distilled to remove ethanol, residual 
istillate, which was unsaturated and had 

methyleyclohexene, was diluted with water gh — 

Solvent was removed from the extract through 
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(at) The #ans-dimethanesulphonate (2-5 g.) om sumilar treatment gave $0 6 of ethoxymethyleyelo- 
hexene, b. p. 120° (bath) /80 mm., and 07 g. of diacetate, b. p. 136—139°/30 mm., ah fwrriry f The 


latter was hydrolysed and characterised as ss-di-p-nitrobenzoate, m. p. and mixed m. p. 139—140°. 


Neactrom of the Dimeth iphonate with Sodium Iodide.—The cis-derivative (0-75 g.). sodium iodide 
(2 g.). and acetone (15 ¢.c.) were heated in a sealed tube at 100° for 2 hours. The tated sodium 
meth Iphonat removed and 














P was shed with acetone. Evaporation of the 

gave 4 semi-solid residue which was diluted with water and extracted with ether. The extract was 
washed with aqueous sodium thiosulphate to remove free iodine, dried (Na,SO,), and evaporated to an 
oil, which on distillation furnished 3-10domethyicyc sodide (0-5 g.) as an almost colourless liquid, 
b. p. 65-70" (bath) /0-0006 mm., «ff 1-6233 (Found ; 1, 71-6. C,H,,l, requires 1, 72-56%). 

decomposed on storage. 





Reaction of the Dimeth iphonate with Lithium Chioride—The cis-derivative (1-0 g.), lithium 
chloride (0-75 g.), and ethanol (35 ¢.<.) were boiled under reflux for 40 hours. The alcohol was then 
distilled off (the distillate was unsaturated), and the residue was diluted with water and extracted with 
ether. Removal of solvent from the dried ay me. extract gave chloromethyicyclohexene (0-37 g., 
$1%), b. p. 215-—220°, wif 1-4840 (Found : Cl, 28-0. C,H,,Ci requires Ci, 27-2%). 

3-Chloromethyicyclohexanol.—(i) 3-Hydroxymethylcyclohexanol (14-5 g.; mixture of stereoisomers) 
was heated with fuming hydrochloric acid (30 c.c.; d 1-19) at 110° for 14 hours in a sealed tube. The 
oil was separated from the aqueous portion, and the latter was extracted with chloroform, which was 
then added to the oil and washed with sodium hydrogen carbonate solution, dried pegs), and 
evaporated to a liquid, distillation of which gave 3-chloromethyicyclohexanol (13-8 g., 83%), b. p. 73° /0-5 
mm., 127-130°/36 mm., wif 1-4910 (Found: C, 563; H, $9; Cl, 240. C,H,,OCI requires C, 56-6; 
H, #8; Cl, 23-09%); «@ higher-boi residue (1-0 g.) consisted of unchanged diol. Treatment of a 
vortion of the chloride with e-naphthy! ssocyanate gave a solid product which on fractional! crystallisation 
rom light m (b. p. 80-100") gave the e-napAthylurcthane, m. p. 142°, as rosettes of fine needles 
(Pound: N, #6. CysH,O,NCI requires N, 44%). From the mother-liquors there was obtained 
some material, m. p. ca. 127-128" (Found : N, 46%), which probably contained the other stereoisomer, 
but the quantity was insufficient for further purification. 


(ii) Similar treatment of the cis-diol (1:3 g.) gave cfs-chloromethyleyciohexanol (0-7 g.), b. p. 119— 


123°/30 mm., wff 1-4858. It gave an a-naphthylurethane, m. p. 142°, identical with that ribed 
above 


(iti) The Pe ye (3-0 g.; mixture of stereoisomers) and lithium chloride (1-35 g.) 
in ethanol (20 c.c.) were boi under reflux for 6 hours. The solvent was then distilled off through a 
Vigreux column, the residue was treated with water and chloroform, and the chloroform extract was 
dried (Na,SO,) and evaporated. The chloromethyleyclohexanol (1-4 g., 90%) had b. p. 76-—80°/0-5 
mm., sf 1 sols, and gave an e-naphthylurethane which was mainly the cis-form, m. p. 142° 


1: 3-endoMethyleneorycycloAerane.—3-Chloromethylcyciohexanol (6-7 g.; mixture of stereoisomers) 
was mixed to a paste with finely powdered sodium hydroxide (11 g.) and heated at 60-—70°/35 mm. in 
a sublimation apparatus, the cx nsing surface being cooled with water at 0°. After 45 minutes, the 
hard transparent solid sublimate was collected, and on resublimation gave | : 3-endomethyleneoxycyclo- 
hexane (2 . 44%), m. p. 06-97" (Found: C, 74-7; H, 10-9. C,H,,O requires C, 74-9; H, pd 
Further sublimation from the original reaction mixture gave an additional small quantity of the oxide, 
but prolonged heating merely resulted in contamination of the product with water. The alkaline 
residue, which had a very strong odour of the oxide, was dissolved in water, neutralised with hydro- 
chioric acid, and extracted with ether. Removal of ether from the dried extracts gave an oil (2-1 g.), 
which was unsaturated and contained chlorine; it was not possible to obtain any pure oxide from this. 

Similar treatment of the 3-chloromethylcyclohexano! (0-58 g.), from the cis-diol, with powdered 
oxlium hydroxide, gave 0-21 g. of oxide. 


1 3-endoMethyleneoxyeyclohexane was very readily soluble in all common solvents, including cold 
water and cold light petreleum, and could only be satisfactorily purified by sublimation. It had a 
strong camphoraceous odour and was quite volatile even at ordinary temperatures, small quantities 
soon disappearing when exposed to the air. It was unaffected by treatment for 8 hours with methane- 
sulphonic acid or toluene-p-sulphonic acid, in ether at 20° of in boiling benzene. It did not react with 
water in the presence of catalytic amounts of perchloric acid at 20° or 100°, but when heated with water 
in a sealed tube at 196° for 16 hours it gave an unsaturated oi] which decomposed on attempted dis- 
tillation at 100° /0-0002 mm 

Reactions of 1: 3-endoMethylenconycyclohexane with Hydrochloric Acid.—(i) The oxide (105 g.) 
and fuming hydrochloric acid (6-8 ¢.c.. d@ 1-19) were heated in a sealed tube at 115° for 21 hours. The 
oil was separated from the aqueous portion by extraction with chloroform (3 7 c.c.), and the extracts 
were washed with sodium hydrogen carbonate solution, dried (Na,SO,), and evaporated. Distillation 
of the residue then gave 3-chloromethylcyclohesyl chlonde (1-5 g., 96%), b. p. 102—104°/23 mm., aff 
14040 (Found: C, 50-8; H, 7-1; Cl, 423. C,H,,Cl, requires C, 50-3; H, 7-2; Cl, 42-4%). 

(i) The oxide (1-0 g.) was heated with fuming hydrochloric acid (2-3 c.c.) in a sealed tube for 14 
hours at 112° and then worked up as in the previous experiment, to yield 3-chloromethyleyciohexanol 
(1b g., 83%), b g 120°/23 mm., »f 11-4910. It gave the a-naphthylurethane, m. p. 142°, identical 
with that previously described 

Reactions of the w-Toluene-p-sulphonate with Alhali.—(i) The monotoluene-p-sulphonate (0-64 g.) 
was mixed with powdered sodiam hydroxide (0-6 g.) and heated at 60°/32 mm. in the sublimation 
apparatus used for the ation of 1 : 3-endemethyleneoxycyclohexane from the chloride (see above). 
The yield of oxide was g. (24%); a further amount present in the residue could not be isolated 


* 
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435. The Fluorides of Niobium, Tantalum, Tungsten, and 
Rhenium. 
By H. J. Emeritus and V. Gurmarn. 


Tantalum trifluoride was prepared by the action of hydrogen fluonde on tantalum powder 
or “ tantalum hydride“ at 250-300". Tantalum tafluoride was formed simultaneously. 
Niobium, its “ hydride,” a f= impure trichloride (NDCIl,_,) under similar conditions gave only 
the pentafluoride lo = caesar of pure tungsten dibromide is described. It reacted with 
hydrogen fluoride at 600° forming tungsten and its hexafluoride. Khenium trichloride 
reacted with hydrogen fluoride forming the metal and only traces of the volatile hexafluoride. 
Tungsten and rhenium metals were unattacked by hydrogen fluoride. 


Tue fluorides of many transition elements in their lower valency states are at present very 
incompletely known, though often other halides of the elements in these states have been 
characterised. It is difficult to decide from the literature if the missing compounds are in- 
herently unstable or if a suitable preparative method has not yet been found. Klemm (F.1.A.T 
Review of German Science, 1939-46, Inorg. Chem., Vol. II, p. 15) mentioned that Ehrlich tried 
unsuccessfully to prepare titanium difluoride, TiF, The instability of vanadium and molyb- 
denum difiuorides and the preparation of molybdenum trifluoride were described recently 
(Emeléus and Gutmann, J., 1949, 2979), but information on the lower fluorides of other transition 
elements was still lacking. The experiments described below were designed to throw light on 
the matter. They represent a study of the reaction of hydrogen fluoride with niobium, tantalum, 
tungsten, and rhenium, or with lower chlorides and bromides of these elements under conditions 
such that formation of a lower fluoride would be expected. 

In the cases of niobium and tantalum only the pentafivorides are known with certainty, 
though Ruff and Schiller (Z. anorg. Chem., 1911, 72, 329) observed the formation of a blue 
lower fluoride ” on heating niobium pentafluoride in hydrogen at its boiling point. On the 
other hand, tantalum trichloride and tribromide and a lower niobium chioride, said to be the 
trichloride (Ste, Bull. Soc. chim., 1939, 6, 830), have been prepared. Lower iodides, the com- 
position of which has not been confirmed, have been described for both niobium and tantalum 
(Koeroesy, J. Amer. Chem. Soc., 1939, 61, 838). Sie gave no analysis of the trichloride, and a 
number of preparations based on his method of reducing the pentachloride by hydrogen gave 
compounds varying in composition between NbCl, and NbCI,. This niobium chloride was found 
to be unattacked by liquid hydrogen fluoride. With gaseous hydrogen fluoride there was no 
reaction below 400° and little between 400° and 500°, whereas above 500° oxidation to the 
pentafluoride occurred without formation of trifluoride. Niobium powder also reacted with 
anhydrous hydrogen fluoride at 250° and 300°, but the only product identified was the penta- 
fluoride. This is in fact a convenient method for the preparation of the pentafluoride, which 
hitherto has been made by the reaction of the hygroscopic pentachloride with liquid hydrogen 
fluoride, or by fluorination of the metal with fluorine (Ruff and Schiller, joc. cit.). When niobium, 
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previously heated in hydrogen at 250°, was heated at the same temperature im a mixture o' 
hydrogen and hydrogen fluoride the pentafluoride was again formed, but a very thin 
layer was observed on the residual metal; this layer could not be separated and was 
identical with the biue substances observed by Ruff and Schiller (loc. cit.). 

Tantalum powder reacted similarly with hydrogen fluoride. At 300° a 00% yield of the 
pentafiuoride was ottained, but a greyish-white non-volatile and non-hygroscopic residue 


boiling mixture of sodium hydroxide and hydrogen peroxide. The 

rhenium trioxide structure (Gutmann and Jack, unpublished observations) and thus resembles 
molybdenum trifluoride. Tantalum trifluoride could probably also be prepared from tantalum 
trichloride or tribromide by a method similar to that used for molybdenum trifluoride (Emeléus 
and Gutmann, loc. cil.) 

Tungsten hexafluoride has been known for some time (Ruff and Eisner, Z. anorg. Chem., 
1907, 62, 256; Ruff and Ascher, sbid., 1031, 196, 416) and the tetrafluoride has been described 
recently (Priest and Schumb, /. Amer. Chem. Soc., 1948, 70, 3378). No lower fluorides are, 
however, known, although the dichloride, dibromide, and di-iodide have all been recorded 
Tungsten powder differed from tantalum in that it was unattacked by hydrogen fluoride up to 
700°, and an attempt was therefore made to prepare lower fluorides from the other dihalides. 
Tungsten dichloride could not be prepared in a pure state by reduction of the hexachloride 
(Bultz and Fendius, Z. anorg. Chem., 1928, 172, 385) and attempts were made to obtain tungsten 
dibromide. The product obtained by Roscoe's method (Annalen, 1872, 162, 349) was found to 
contain unattacked metal and higher bromides. A pure product was, however, obtained by 
reducing the pentabromide in hydrogen at 400—450° and heating the product in a stream of dry 
nitrogen at 550°. The dibromide was a greenish-yellow powder, insoluble in water and un- 
attacked by acids except hot nitric acid, which reacted with precipitation of yellow tungsten 
trioxide. It resembled molybdenum dibromide in its chemical inertness. It sublimed un- 
changed in nitrogen above 600°, but was converted into the trioxide when ignited in air. No 
reaction occurred with hydrogen fluoride up to 500°, but at 550° there was a slow reaction and, 
at intermediate stages of the reaction, the product contained fluorine. Probably the difluoride 
is formed but, since it is probably non-volatile, attack on the dibromide isincomplete. At 600°, 
however, the reaction went to completion and hexafluoride distilled off, though it could not be 
separated from hydrogen fluoride by distillation (b. p. 19°). The residue in the boat was 
metallic tungsten and not the difluoride. The weight of metal was less than would be expected 
for disproportionation according to the equations : 


3WBr, + 6HF => 3WF, + GHBr 
00" 
SWF, --> iW + WF, 

but this could be accounted for by sublimation of unchanged dibromide at 600°. This behaviour 
parallels that of the corresponding molybdenum compound (Emeléus and Gutmann, Joc. cit.). 
No anhydrous trihalides of tungsten (¢.¢., WCl,) are known and many experiments designed to 
prepare them were unsuccessful 

Two simple fluorides of rhenium are known: the hexafluoride (Ruff and Kwasnik, Z. anorg. 
Chem, 1932, 209, 113) and the tetrafluoride (idem, sid., 1934, 219, 65). Rhenium powder was 
unattacked by anhydrous hydrogen fluonde at 500°, and an attempt was made to prepare a lower 
fluoride from the trichloride. This was insoluble in liquid hydrogen fluoride. With gaseous 
hydrogen fluoride no reaction occurred at 100°. At 240° an intermediate product was obtained, 
consisting mainly of unchanged trichloride and probably some metal. At 350° reaction was 
complete but the product in the boat was metallic rhenium. In this case very little hexafluoride 
was formed and the rhenium in the residue accounted for almost all of that in the trichloride 
taken. The probable course of the reaction is shown by the equations 


ReCl, + 3HF <*> ReF, + 3HCI 
ReF, > Re + $F, 
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In this case, as in that of tungsten difluoride, there is evidence that the lower fluoride is formed 
under conditions when it is decomposed. The experiments thus throw some light on the 
stability of these compounds, though clearly some other preparative methods operating at lower 
temperatures will be needed to produce the lower fluorides in states of purity. 


EXPERIMENTAL. 


Reactions with Gaseous Hydrogen Fluoride.—These reactions were carried out in a platinum-lined 
Monel tube, the exit of which had a ee ae ert pieee, eee eh tne —— 
was connected to a cylinder of hydrogen 
hydrogen could be admitted ee yh wy ty 
furnace, and samples for treatment were con 


Preparation and Fleorination of * Niobvum Triuchlonde.”—The 
action of chlorine on heated niobium powder in a Pyrex tube, and the 


part of the reaction tube 

Anal., 1933, §, 7), 50% sulphuric acid being used 

titrated by 0-05~-thormum nitrate (Found: Nb, 402; F, 50- Cale. for NbF 
The very small residue remaining in the platinum boat at 500° was green 
600° conversion into the pentafiuoride was complete. 


Fluorimation of Nsobtum with Hydrogen Fiwortde.—Niobium powder reacted with h 
at 250°, the volatile product being the pentafluoride and the residue unattacked meta! 
the metal were converted quantstatively into pentafluoride in 6 hours (Found Nb, 49-6, ‘1. 
50-6%). This method is a useful alternative to te the reaction of Boorime with wobvam ot of 


hyd 

rs 4 

which could not be 

the metal and no evidence could be 


Pr aration on of Tantalum Triflworide.—Tantalum reacted with anhydrous hydrogen fluoride 
below ia The pent a mixture of unattac metal, tantalum pentafinoride, and probably 
some trifluonde uoride could be age by distillation in nitrogen at 250". At 300° 
complete reaction ot ry metal occurred, about the volatile pentafluoride, while about 
10% remained as non-volatile tantalum trifluoride Fer zeniyeis the trifluoride was dissolved in a mixture 
of sodium hydroxide and hydrogen xide, and tantalum determined as tantalum toxide. It 
was analyzed for fluorine by the W d-Winter method (Joc. eit.) (Found: Ta, 75-4, 75-8; F, 22-8, 
24-1. TaF, requires Ta, 76-1; F, 239%). The volatile pentafluoride was collected near the constriction 
of the tube and was analyzed similarly after dissolution in sodium hydroxide (Pound: Ta, 65-4; F, 
34-4. Calc. for TaF,: Ta, 65-7; F, 343%). The reaction followed a similar course when the metal 
was preheated in hydrogen at 250° and fluorinated with hydrogen—hydrogen fluoride, but was 
appreciably slower. 


Preparation of Tungsten Dichloride and Dibromide._-Tungsten powder, previously heated in hydrogen 
to 1000° to remove any oxidic impurities, was converted into the hexachioride by heating it in chlorine 
in a Pyrex tube, and this salt was reduced by hydrogen under the conditions given by Biltz and Fendius 

loc. eat.). The product was not pure, however, and chiorides. Tungsten 





dryness, and ignition at 850". 
sodium bydroxide and —— 
20% nitric acid ( 
determined as silver rere in the filtrate after addition « phosphoric and nitric acids (Found: W, 
70-1, 68-9; Ci, 30-7,32-0. Calc. for WCI,: W, 72-2; Cl, 27-84). 


In the preparation of tungsten dibromide, bm me py pt wares ce Ft Bee eg ag wt ne 
carried in a nitr stream. The pentabromide sublimed and was then reduced bby henting it in hydeegen 
as described by ts and Fendise (loc. cit.) for the tion of the dichloride. It was necessary to 
avoid temperatures above 500°, as otherwise tungsten was formed. eee 7 meal ome 
then heated to 80” im a stream of parified nitrogen to remove more voatie halides. 
green solid a ee © t was analyzed as described for the ‘chloride 
(Pound: W, ; Br, 2. ~ Calle. ote w, a5. Br, 46-56%). 


Fiuoride.— Reaction commenced at ca. oor ant ene 
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Se, athe, wan geval peatuees he Retoiess 26 teagan Lenteesie In one 


—— which and weighed. The t of dibromide 
was 27-4616 ¢., that of sublimed unchanged dibromide was 0-4175 g., and that of tu metal 
pm my b ny the t was 0-6920 g Leg Anaahat Leptin’ Ber her on the of the 
equation nee pe It was shown that tungsten powder was unattacked anhydrous hydrogen 
fluoride up to 
Preparation and Fiwormation of Rhenium Trichloride.-Rhenium trichloride was eg epared as de- 
scribed Gelmana, W and Bilts (Nachr. Ges. Wiss. Géttingen, Math.-Phys 1932, 579). 
Metallic r um, pre y heated to —- in aS eee. oe heated in a porcelain boat in a tube 
furnace, first in nitrogen aaa then in Dg black distillate of pentachlonde was dis- 
tilled into the first of a series of Pyrex bulbs, in which it was carefully heated in dry nitrogen to bring about 
decomposition into the trichloride wlas and chlorine. The cx of the decomposition was indicated by 
the absence of brown vapour — the solid was heat mens. The ual trichloride sublimed 
when heated more strongly, giving vapour, and cou ae ae gh n this way. It was obtained 
in a yield of about 60%. It was selpeed fer chtavine 00 elbver didesiée, efter oxidation of the rhenium 
to enate sane by Geilmann and Lange (Z. enorg. Chem., 1937, 234, 289) (Found : Ci, 36-5, 
36 Calc. for ReCi, 4%). Rhenium trichloride was insoluble in liquid hydrogen fluoride 
No reaction occurred ib poem hydrogen fluoride at 100°. When the trichloride was heated at 240° 
an intermediate product was obtained which, however, consisted mainly of unchanged trichloride 
Above 350° reaction of the trichloride, which is stable at 500° in nitr . was complete and metallic 
rhenium remained in the boat. This was identified by an X-ray ograph races of a fluoride 
to be present, however, since on exposure to air in eS ete the letter were slightly etched 
within a few weeks. No fluorine was found on analysis. The amount of rhenium remaining corresponded 
almost quantitatively to that contained in the trichloride, as is shown by the following results : 
ReCl, taken (g.) . * stereses , : 0-3000 
Re in ReCl, taken (g.) ptecvage spsecetereaneges . “2 0-1910 
Re from the reaction (g.) speeuntie name 0-1885 


Only traces of the volatile hexafluoride were formed, probably by a secondary reaction of the fluorine set 
free in the therma! decomposition of rhenium trifluoride formed as an intermediate 


One of the authors (V. G.) thanks the British Council for a Scholarship. The authors also thank 
Messrs. Johnson Matthey & Co. Ltd. for the loan of a quantity of rhenium and of the platinum-lined 
feaction tube 
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436. Peroxides of Tetrahydrocarbazole and Related Compounds. 
Part I. Tetrahydrocarbazolyl Hydroperoride. 


By R. J. S. Beer, L. McGratn, and ALexanper Rosertson. 


The . -Y~ and properties of 1:2: 3: 4-tetrahydrocarbazolyl hydroperoxide are 


describes ith aqueous sodium hydroxide this peroxide gave a compound, m p 340°, along 
with a small amount of cyclopentanespiro-2-4-indoxyl, which was also formed by treatment 
with ferrous ions in acid solution. With sodium hydrosulphite (dithionite) it gave a com- 
pound, m i 153°, aT al with so-called “ 10-hydroxy-I : 2: 3: 10-tetrahydrocarbazole *’ 
of Plant and Tomlinson | 1933, 298). Reduction of the peroxide over a palladium catalyst 
regenerated 1:2:3:4 EN am ine whilst a platinum catalyst gave rise to the 
same hydroxy-hexahydrocarbazole as was obtained by hydrogenation of the compound, 
m. p. 153°. The structures of the peroxide and of the related compound, m. p. 153°, are dis- 
cussed and possible mechanisms for the peroxidation process elaborated 

Catalytic hydrogenation of cyclopentanespiro-2-¢-indoxy! afforded a tetrahydro-derivative 
which readily forms a peroxide 

The compound, m. p. 115°, regarded by Plant and Tomlinson (loc. eit.) as 11-hydroxy- 
2:3: 4: 1l-tetrahydrocarbazole, is shown to be l-hydroxy-1 : 2:3: 4-tetrahydrocarbazole 


In the course of attempts to purify 6: 7-dimethoxy-l : 2:3: 4-tetrahydrocarbazole by 
crystallisation from light petroleum-ethy!l acetate it was found that the compound readily 
absorbed atmospheric oxygen, giving rise to a crystalline peroxide. This unexpected and 
surprisingly ready reaction leading to a relatively stable peroxide was subsequently found to 
occur also with |: 2: 3: 4-tetrahydrocarbazole and its 6: 7-methylenedioxy-derivative (/., 
1949, 2061; Nature, 1949, 164, 362) and the present communication deals with the results of 
our preliminary examination of the chemical properties of 1: 2: 3: 4-tetrahydrocarbazole 
peroxide which, on account of its accessibility, was an obvious choice for initial study 

The formation of |: 2: 3: 4-tetrahydrocarbazole peroxide takes place in light petroleum 
in the absence of a catalyst and, although it appears to be accelerated by irradiation with ultra- 
violet light, proceeds as satisfactorily in darkness as in laboratory illumination. Although the 
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average yield of purified peroxide is about 40%, the yield of crude product is generally much 
higher. Of considerable interest is the observation that S-methyl- and S-acetyl-I : 2 : 3: ¢- 
tetrahydrocarbazole appear to resist attack under the conditions employed in this work 


2 am Be ew Ly) 
Y/ i “ * ~Y 
(IL) 

Curiously, 2 : 3-cydepenteno- (I) and 2 : 3-cyclohepteno-indole (II) (Perkin and Plant, /.. 
1923, 123, 3244; 1928, 2586) have not yielded crystalline peroxides under our conditions 
although in experiments with added catalysts (¢.¢., traces of a peroxide of tetrahydrocarbazole, 
cobalt stearate) decomposition of these indoles occurs and the amorphous products obtained 
have sometimes given feebly positive tests for peroxides. Similarly, 5 : 6-dimethoxy-2 : 3- 
dimethylindole (III) (J., 1949, 2061) has afforded a product containing traces of peroxide and 
it seems likely that, with the discovery of appropriate conditions, simple indoles and even 
pyrroles may be induced to yield isolable peroxides. In this connection it may be noted that 
peroxide formation by this type of compound may possibly be of considerable biological 
significance in the phytochemical production of complex basic substances as well as in the 
formation of the melanins (/., 1948, 2223). 

1: 2:3: 4-Tetrahydrocarbazole peroxide, C,,H,,O,N, which melts between 124° and 129° 
with vigorous decomposition accompanied by the emission of a vivid biue flash, liberates iodine 
immediately from acidified aqueous potassium iodide and differs from the parent tetrahydro- 
carbazole and the indoles generally in being readily soluble in dilute aqueous mineral acids 
With nitrous acid the peroxide appears to behave as a secondary amine. It also shows weakly 
acidic properties and although it is rapidly decomposed by alkalis some peroxidic material 
can be recovered from an alkaline solution, indicating that the compound is, in fact, a hydro- 
peroxide containing the group -O-OH. From the reaction of the peroxide with aqueous sodium 
hydroxide two products have been isolated, the chief of which is a high-melting substance, 
C,,H,,ON, m. p. about 330°, showing both basic and acidic properties, This compound, 
which will be discussed in a later communication, is accompanied by small amounts of a yellow 
compound identical (Nature, loc. cit.) with the “ 11-hydroxytetrahydrocarbazolenine,”’ m. p 
79°, (IV) or (V), of Perkin and Plant (J., 1923, 128, 689) which has recently been formulated 
as the cyclopentanespiro-2-4-indoxy! (VI) by Plant and Robinson (Nature, 1950, 165, 36) and 
by Witkop (J. Amer. Chem. Soc., 1950, 72, 614). The same compound, m. p. 79°, was obtained 
in low yield by the action of acetic acid and iron powder on the peroxide but in this case it was 
accompanied by the colourless “ 2: 3-dihydrocarbazole,” m. p. 203--2965°, formulated as 
(VII) by Plant and Tomlinson (J., 1931, 3324; 1933, 208) together with a second, yellow 
substance, m. p. 245°, which appears to have the empirical formula C,,H,,ON, or C,,H,,ON, 
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With alkaline aqueous sodium hydrosulphite (dithionite), tetrabydrocarbazoly! hydroperoxide 
gave rise to a compound, m. p. 153°, which was identical with the so-called 10-hydroxy- 
1: 2:3: 10-tetrahydrocarbazole (VIII) of Plant and Tomlinson (loc. cif). Like the parent 
peroxide this compound is also basic and decomposes in dilute sulphuric acid to mixed products 
from which the “ 2: 3-dihydrocarbazole,”” m. p. 203-——295°, can be isolated in small yield 
In addition, the acidic decomposition of the peroxide has afforded a small amount of a non- 
basic substance, m. p. about 150°, which has not yet been obtained pure 

Reduction of tetrahydrocarbazolyl hydroperoxide with hydrogen and a palladium-—charcoa!l 
catalyst regenerated | : 2: 3 : 4-tetrahydrocarbazole but with a platinum oxide catalyst a com- 
pound C,,H,,ON was obtained, identical with the hydrogenation product of the compound, 

6U 
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m. p. 153°. This product is clearly a hydroxyhexahydrocarbazole since on treatment with 
mineral acids it readily lost water giving rise to 1 : 2 : 3 : 4-tetrahydrocarbazole. 

From the foregoing resu!ts it is apparent that 1: 2: 3: 4-tetrahydrocarbazolyl hydroperoxide 
and the compound, m. p. 153°, are structurally very closely related, a view supported by the 
close similarity of their ultra-violet absorption curves (see Fig. 1) which differ markedly from 
that of 1:2: 3: 4-tetrahydrocarbazole. Further, it is clear that in the formation of the 
peroxide some modification of the conjugated system present in the parent tetrahydrocarbazole 
takes place, in keeping with the appearance of basic properties in the peroxide. The formula 
(VIII) was assigned to the compound, m. p. 153°, by Plant and Tomlinson (Joc. cit.) to account 
for its behaviour as an aromatic primary amine which could be diazotised, i.¢., the compound 
behaved as the isomeride (IX) in mineral acid solution and on this basis 1 : 2: 3: 4-tetra- 
hydrocarbazoly! hydroperoxide and its hydrogenation product, which is also obtained from the 
compound, m. p. 163°, would be represented respectively by formule (X) and (XI). The 
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1, 1. 2:3: 4 Tetrahydrocarbasole, 2, 1: 2:3: 4-Tetrahydrocarbasole peromde. 3, Compound, m. p. 
153° (11-Aydrosytetrahydrocarbazolenine or 10-hydroxy-1 : 2: 3: 10-tetrahydrocarbazole). 4, Dihydro- 
derivative of 3 


(AL spectroscope measurements were made im alcoholic solution.) 


formula (VIII), (X), and (XI) for these compounds are in agreement with their instability in 
mineral acid solution 


H HOO | 


i ih 
OOH OH 
(X.) XI XIT.) 


In a recent communication Patrick and Witkop (J. Amer. Chem. Soc., 1950, 72, 633) have 
briefly described the preparation of a compound, m. p. 159°, by catalytic oxidation of tetra- 
hydrocarbazole followed by mild hydrogenation. From the data for its ultra-violet absorption 
spectrum this compound, which the foregoing authors regard as being identical with the so-called 
10-hydroxy-1 ; 2: 3: 10-tetrahydrocarbazole, would appear to be identical with the product 
of m. p. 153° obtained by us. In this connection it is of interest that, prepared by the 
method of Plant and Tomlinson (Joc. est.), this compound was found to have m. p. 153° except 
on one occasion when a sample was obtained with m. p. 158°5°. On being kept overnight, 
however, this material reverted to the lower-melting form, but it is not yet clear whether the 
compound is dimorphic since the melting point seems to vary somewhat with the rate of heating. 
On the basis of its infra-red absorption spectrum Patrick and Witkop (Joc. cit.) regard this 
compound as being authentic 1)-hydroxytetrahydrocarbazolenine (IV) and it is clear that if 
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this view proves to be correct then 1: 2:3: 4-tetrahydrocarbazole 
corresponding 


their 
2-¢-indoxy! (VI) together with a sub- 
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clop ptro-2-y-indoxy! by the action of acids under a wide variety of conditions (except 
in the presence of iron) either from the peroxide of 1 : 2: 3 : 4-tetrahydrocarbazole or from the 
compound m. p. 153°, and on the view, which we maintain, that this compound, m. p. 153°, 
is identical with Patrick and Witkop’s substance, m. p. 159°, we are unable at present to account 
for the findings of these authors. Moreover, specimens of the so-called 2 : 3-dihydrocarbazole 
prepared by the method of Plant and Tomlinson (loc. cts.) and from the peroxide have had the 

p. 293—295° reported by the original authors. 

In the decomposition of 1 : 2: 3: 4-tetrahydrocarbazolyl hydroperoxide with alkali, and with 
acetic acid and iron powder, it seemed feasible that the cyclopentanespiro-2-y-indoxyl, which 
in neither case is the major product, is formed by way of the compound, m. p. 153°. Whilst 
under alkaline conditions this mechanism may obtain since, as Plant and Tomlinson (loc. cit.) 
showed, “ 10-hydroxy-1 : 2:3: 4-tetrahydrocarbazole readily yields the ¢-indoxyl with 
alkalis, it seems to be highly improbable when the medium is acetic acid contaiming iron powder 
because with hot acetic acid the compound, m. p. 153°, as well as the peroxide of tetrahydro- 
carbazole, rapidly form the “ 2: 3-dihydrocarbazole,” m. p. 293-295", unaccompanied by 
detectable amounts of the ¢-indoxyl. Since the difference in behaviour of 1; 2: 3: 4-tetra- 
hydrocarbazoly! hydroperoxide towards acetic acid in the presence or absence of iron might be 
due to the action of the ferrous ion which is known to catalyse the decomposition of peroxides 
(see Waters, Ann. Reports, 1945, 47, 136) the peroxide was treated with cold dilute sulphuric acid 
containing ferrous sulphate. A rapid reaction ensued and the spiro-¢-indoxy! was isolated 
in approximately the same yield as in the experiments with iron powder and alcoholic acetic 
acid On the other hand, the presence of ferrous sulphate did not materially affect the action 
of cold dilute sulphuric acid on the compound, m. p. 153°. By analogy with the Haber-Weiss 
theory of the metal-catalysed decomposition of hydrogen peroxide (see, ¢.g., Waters, loc. cit.) 
the action of ferrous ions on the peroxide of | : 2: 3: 4-tetrahydrocarbazole may be considered 
to be: 

R-O-OH + Fe** ——> (R-O)~ + “OH + Ferr* 


The subsequent rearrangement of the anion (R-O)~, which presumably is also formed by the 
action of alkali on the compound, m. p. 153° (the alcohol R-OH), to give spiro-¢-indoxy! (V1) is 
more easily understandable on the basis of formula (XII) rather than (X) for the peroxide 
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Thus the metal-catalysed decomposition of the peroxide may be considered to afford indirect 
support for the carbazolenine structure (XII) for this compound. Additional indirect support 
for this structure can be adduced from a consideration of the mechanism of peroxidation which, 
in common with other autoxidation processes, may be assumed to be a radical chain reaction. 
For this, two mechanisms are envisaged of which one (A) leads to structure (X) for the peroxide 
and the other (B) to (XII). 
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In the first place the peroxide appears to behave as a secondary amine towards nitrous 
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acid and, in the second, the corresponding alcohol, m. p. 153°, behaves as a primary amine 
towards the same reagent. Further experiments designed to resolve these difficulties and to 
lead to a final decision between the two structures (X) and (XII) for the peroxide are in progress. 


(4) J ° 
| + RH 


Chaim 


Chain ¢ 





During our examination of cyclopentanespiro-2-4-indoxy!] (VI) we found that, as expected, 
the compound can be readily oximated and, like Witkop (/. Amer. Chem. Soc., 1950, 72, 614), 
we observed that on hydrogenation it formed a tetrahydro-derivative (XIII). In benzene 
solution this tetrahydro-compound readily forms a peroxide which has not yet been fully 
investigated but its ultra-violet absorption spectrum has been compared with that of related 
compounds (see Fig. 2) 

It appears that, as in the formation of tetrahydrocarbazole peroxide, peroxidation is accom- 
panied by a double-bond shift and we suggest two possible structures (XIV) or (XV) for this 
new peroxide, the former being favoured on spectroscopic grounds 


OOH 
4o_. 
Nay_} 
HOO 
(Nl (XIV XV.) 


For comparison with the compound, m. p. 153°, (VIII) or (IV), we prepared the isomeric 
compound, m. p. 115°, from %benzoyl-1 : 2:3: 4-tetrahydrocarbazole by the method of 
Plant and Tomlinson (Joc. cif.) who ascribed to it formula (XVI). The ultra-violet absorption 
spectrum of this compound, however, closely resembled that of 1 : 2: 3 : 4-tetrahydrocarbazole 
(see Fig. 3) and hence it seemed that in all probability the compound was (XVII) or (XVIII) 
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1, “ 1)-Hydromy-2 : 3: 4: 11-tetrahydrocarbazole,” —2 115° (l-Aydromy-1 : 2: 3: 4-tetrahydro- 
carbasole), 2,1:2:3:4 crahgdresstoant. 
rather than (XVI). 


That it is 1-hydroxy-1 : 2: 3: 4-tetrahydrocarbazole (XVII) is shown by 
the fact that it is formed by reduction with lithium aluminium hydride of 1-keto-1 : 2: 3: 4- 
tetrahydrocarbazole (XIX), which was prepared by the unambiguous method of Coffey (Rec 
Trav. chim., 1923, 42, 528) as modified by Kent (/., 1935, 976). 


debenzoylation, finds a close analogy in the production of 3-methyl-2- 
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from 9-acetyl-2 : 3-dimethylindole by a similar series of reactions (Plant and Tomlinson, J,, 
1933, 955, cf. Taylor, Hele. Chim. Acta, 1950, 33, 168). 
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EXPERIMENTAL 


1: 2:3) 4-Tetrahydrocarbasoly! Hydroperoxide (X or X11).—(a) A warm filtered solution of 1-2. 3 -“4- 
tetrahydrocarbazole (Rogers and Corson, J]. Amer. Chem. Soc., 1947, @@, 2910) (2 g.) in light petroleum 
(b. p. 60-80") (200 ml.) was allowed to cool in the presence of atmospheric oxygen. After a somewhat 
variable period (generally about § hour) the solution became we and then began to deposit the 
crystalline peroside on the sides of the containing flask. 16 Hours later the solid (1-5—1-9 g.) was 
dislodged and isolated without disturbing the thin layer of resinous material which had formed on the 
bottom of the flask. Kecrystallisation of the peroxide was eflected as rapidly as possible by the addition 
of hot ethyl acetate to « suspension of the solid in boiling light petroleum until a clear solution was 
obtained. On cooling this solution deposited the compound in large, almost colourless shining tablets, 
which decomposed violently at temperatures varying from 124° to 129°, the decomposition being 
accompanied by a flash of blue light (Found: C, 70-7; H, 67; N, 70. C,,H,,O,N requires C, 70-9; 
H, 64; N, 69%). The yield of recrystallised product varied considerably. A high yield of the crude 
peroxide was associated with a comparatively high yield of purified material (¢.g., 0-95. of recrystallised 
peroxide from 1-9 g. of crude product) and, as sometimes happened, when the crude product was obtained 
in poor yield, this gave a relatively much lower yield of purified peroxide. 


(6) A current of air was aspirated through « solution of 1: 2:3: 4-tetrahydrocarbazole (2 g.) in 
light petroleum (200 ml.) kept at just below its boiling point for 1 hour. The crystalline peroxide 
usually separated after about 30 minutes’ aeration and in favourable cases the yield of purified product 
was equal to the optimum yields obtained by method (4). Occasionally, however, extensive decom- 
position of the carbarole or its peroxide took place and an amorphous tan powder was obtained which 
could not be crystallised and had a low and indefinite m. p. For routine preparations method (4) was 
preterred 


In these expertments commercial samples of light petroleum were employed and, although the use 
of other solvents has not yet been extensively investigated, it has been found that peroxidation proceeded 
normally in re-distilled »-hexane whereas in benzene only small amounts of a very crude peroxide were 
obtained. With ether as solvent in method (4) very slight peroxidation occurred 


1: 2:3: 4-Tetrahydrocarbazole hydroperoxide liberates iodine instantaneously from acidified 
ooneemn potassium iodide and dissolves casily in dilute aqueous mineral acids, forming yellow solutions 
which rapidly become a and then deposit a brown amorphous precipitate. Addition of sodium 
nitrite to a solution of the peroxide in dilute hydrochloric acid at 0° causes the separation of a bright 
yellow viscous oi) which can be extracted with ether. Although large crystals of the peroxide are only 
slowly attacked by aqueous sodium hydroxide the finely powdered compound readily forms a faintlv 
yellow solution 


Decomposttion of 12:3: 4 Tetrahydrocarbasolyl Hydroperomde.—-(a) With alka. Rapid dissolution of 
the peroxide in 2N-aqueous sodium hydroxide followed by immediate neutralisation with 2n-sulphuric 
acid gives a sticky precipitate which, on being tharoughly washed with water, is obtained as a tan- 
coloured powder giving a positive peroxide reaction with acidified aqueous potassium iodide 


When a solution of the peroxide (2-5 g.) in aqueous sodium hydroxide (100 ml.) was kept at room 
temperature for 14 hours and then neutralised with dilute sulphuric acid and the resulting micro- 
crystalline precipitate (2-5 g.) crystallised from hot alcohol, a substance was obtained in shining light 
brown rectangular plates, m 330° (decomp.), which retained their colour on repeated recrystallisation 
(Found: C, 77-8, 77-6; H, 59,65; N, 7-4. CyH,,ON requires C, 77-8; H, 59; N, 76%). This 
product is soluble in both dilute mineral acids and aqueous alkalis but is very sparingly soluble in water 
of in aqueous sodium hydrogen carbonate. The neutral liquor left on the separation of this ampholyte 
showed the characteristic green fluorescence of cyclopentanespiro-2-~p-indoxy! (VI) (Perkin and Plant, 
loc. eat This indoxy!l was isolated from another experiment in which the peroxide (1 g.) was warmed 
with 2n-sodium hydroxide (25 mi.) on the steam-bath for 20 minutes ne yellow solution quickly 
became opaque and then deposited brown resinous material. Repeated extraction of the cooled reaction 
mixture with ether gave a yellow gum from which the ¢indoxy! was extracted by boiling light petroleum 
Recrystallised from the same solvent, it formed bright yellow, compact prismatic needles (50 mg.), 
m. p. 7& 70", undepressed on admixture with an authentic specimen (Found: C, 7705; H, 60; N, 
74. Cale, for C,.H,ON: C, 770; H, 605; N, 75 On filtration and neutralisation, the alkaline 
liquor left after the separation of ak, ge ae oe indoxyl deposited a microc line powder 
(90 mg.) which, on crystallisation from hot alcohol, gave the substance, m. p. 330° (decomp.) 


(b) With alkaline sodium dithionite. When a mixture of powdered peroxide (1 g.), ether (50 ml.), 
and x-sodium hydroxide (20 ml. contajning 2 g. of sodium dithionite) was agitated, the solid dissolved 
im the course of 10 minutes. One hour later the ethereal layer was separated and the aqueous 


liquor 
extracted several times with fresh ether. Concentration of the combined, dried ethereal sointions gave 
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eteien ep OP med. m.p yt “ey 4 further small amount of less material. 
from benzene thus t gave 2:23:38: " (Vint 
m. p. 16", ential with on anthene (Plant and Tomhasoa, 
H, 70; N, 74. Cale. for C,,H,ON: C, 770; H, 605; N, 76%). 
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in acid solution behaved as a primary aromatic amine. 


(c) With alcoholse acetxe aerd and won. The reaction between the 
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was ted manually recrystallised from benzene, 
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Evaporation of the +r ~ alcohol-acetic acid why nee left after —— of the crude mixed solid, 
followed b distillation of the in « vacuum, tanespiro-2--indoxy! as a 
yellow oil (0-2 g.) (bath-temp. 11 “130/06 mam} which solid ond Gian tame ydiolr aula Om os 
and mixed m. p. 79°, from light petroleum. 


(d) With dilute sudphuric acid. On heated on the steam-bath the 


of resin, had m. p. 147— 149" after sintering at about 130°. Recrystallisation of thes substance (0-34 g.) 
has not as yet given a compound with a well-defined m. p.; nevertheless, it is distinguished from 
“ )0-hydroxy-1 ; 2: 3: 4-tetrahydrocarbazole,"’ m. p. 153°, in being non-basic. 
The dark resn obtained in the 
which removed tarry impurities and 
tolated by repeated extraction with 
The compound formed colourless prisms (140 mg_.), m. p. 280-—292° 
authentic compound. 


about 148° after suntering at 130°. 
present im the reaction product. 
(ce) With dilute sulphuric acid containing ferrous sulphate. The powdered 
Tapidly oe Ce CAE OES (2 g.) in 2 
turbid yellow solat green and deposited a 
tsclated and waabed with water, and the combined filtrate and washings were . 
wratiom of the dried extracts gave cyclopentamespiro-2-pindoxy! (160 mg), m. p. 76—79" alters 
tion from light petroleum. 
Action of 2N-Sulphuric Acid on Compound, m. p. PP ey mw rte eee ah 
a solution of this compoend (0-9 g.) im 2x-su acid (50 mil.) amorphous yellow solid 
(0-52 g.) which was collected and 18 hours @ further quantity (6-3 3 separated. The acidic 
filtrate was then extracted with ether but evaporation of the extracts gave only a trace of gummy 
product 
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a yellow gum which was then extracted with several portions of boiling light petroleum (b. 4. o. 
On concentration the combined light petroleum extracts gave a yellow . Melting indistinc 
from 120° to 200°, and further concentration of the py affor a second crop of similar 
appearance which softened at about 80° and melted at about 120°. Spontaneous evaporation of the 
residual light —-* liquors left only a trace of a yellow gum. The second crop of yellow reaction 
product contained similar material, m. p. 120—150°, but the ¢-indoxy! was not isolated in this experiment 
or when the compound, m. p. 153°, was allowed to react with 2n-sulphuric acid for 15 minutes 

In a third experiment the compound of m. p. 153° St wn baste Sie Srorienete anid Cae) 
OO NS ee ee the resulting deep cel inacluble renin digested mith wart. alcohol 
The granular t was recrystallised from benzene, forming colourless prisms | (‘80 mg.), m. p. 248— 
290°, iden with “ 2: 3-dihydrocarbazole.”” Further the original aqueous solution 
gave only a trace of yellow gum. 

Action of Hot Alcohole Acetic Acid om 1:2: 3: 4-Tetrahydrocarbazoly! H ydroperomde and on Compound, 
m. p. 153°.—-When a solution of the ide (1-0 g.) in a mixture of (25 ml.) and acetic acid 
(20 ml.) was heated on the steam- for 10 minutes a colourless crystalline solid began to separate 
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180°/0-4 mm, which yielded only a small amount of a colourless solid, m. p. 236—238° 
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~~ 4 A 
acid liquor left a gum from rina Wace of the Souurem compound. mp 298 288 was obtained. 
The reaction mixture did not contain detectable amounts of 2-p-indoxyl. 


Catalytic Reduction of 1 2.3: 4-Tetrahydrocarbazolyl H ydroperoxide.—Reduction of the hydroperoxide 

ot yt prem med ap Oe Se ae S a palladium charcoal catalyst gave a good yield of 
4-tetrahydrocarbazole, m. p. and mixed m. p. 117—118°. 
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was agitated with hydrogen for 1} hours. On isolation the product slowly solidified and, after being 

was recrystallised from the same solvent, giving the hydroryhexahydrocarbazole 

P. 1e 105 which in contact wr i he er uor slowly changed to 

110° Opus: C, 761; H, 83; N, 71 pve ag wh te | 76-2; 

oS come 


form This product ts slightly soluble fa light 
soluble in methanol or alcohol. On treatment 
was may , giving 1: 2: 3: 4-tetrahydrocarbazole. 

Reduction of the m. p. 153°, with Adams's catalyst gave rise to the same hydroxyhexa- 
hydrocarbazole, m. p. 1 110°. 

Derwatiwes of cycloPen ‘o-2-p-«ndoxyl (V1I).—Specimens of this — by the 
methods of Perkin and Plant (/., 1923, 123, 689) and Plant and Tomlinson U- ay ney 
oximated in , giving -osvme which formed pale yellow, rectangular A. toon p. 158°, from 

eodenal (hiend N, CyH,,ON, requires N, 13-90%). The oxime of the N-acetyl 
he 


aqueous 
pos me tr was prepared by the same method separated from benzene—light 
6)-80") in colourless irregular prisms, m. p. 168° (Found: N, 11-5. C,,H,,O,N, 


Pequires N, 11.5% 
requires N, OL. %) 


Hydrogenation of the ¢-indoxy! (1-22 g.) in methanol (50 ml.) with hydrogen and a platinum catalyst 
— 9 hours oe pA an he to . ish-brown oil which partly crystallised and was repeatedly extracted 
poling p. @--80") to remove _— ed material. ised from ethyl 
acetate, the caides (oO or at eres o-2-(4: 5: -tetrahydro-¢-indoxy!) oa in 
green rods, m. p. I 75-2; = 8-8. Calc. for C,,H,,ON : C, 75-4; H, 89%) (cf. 
fitkop, lec. o#., who gives m. p. 193°) nd readily dissolved in dilute mineral acids and 
behaved with eet ss phd Dnt lh ge t sublimed unchanged at 160—165°/0-03 mm. 


In - tee t to crystallise this mene vo tor tage from b the c d absorbed oxy on 
¢ ss separated in Sarre ee 125° (decomp.) (Found : C, 647; H, 

6 CHO requires C, 64-6; H, 7-6; 6 Wroa% compound, which was much less soluble 
in benzene than ke parent tetrahydro-+indoxyl ly dissolved in dilute mineral acids, and liberated 
todine from esto oye potassium iodide 


yt 4-tetrahydrocarbasole (XVII).—1-Keto-1 : 2:3: 4-tetrahydrocarbazole (Kent, 
76) | s , in ether (220 ml.) was gradually added to a solution of lithium aluminium hydride 
0-40 g.) in ether (76 ml.). Ten minutes later ice-cold water (20 ml.) was added, followed by 10% 
sulphuric acid (10 ml.). The resulting crude 1- a -1: 2:3: 4-tetrah bazole (1-64 g.), m. p. 
§2-.100°, isolated with ether and recrystallised from acetone- — m (b. p. 60—80°), formed 
aa i . 115°, identical with a specimen of so-called “’ 11 rt he ace * ri 3: 1A: New 
tetrahydrocarbazole,"’ >» 2 ll (Plant and lao J., 1931, 3324) (Found : H, 

N, 7-65. Calc. for C,,H,,ON ; C, 770; H, 6-95; N, 75%). 





The authors express their titude to Professor R. A. Morton, of the Biochemistry Department, 
for kindly providing facilities for the measurement of the ultra-violet absorption spectra recorded and 
for discussing the interpretation of these, and also to Mr. C. A. McDowell for his interest in this work. 


University or Livarroo: ‘Received, April Sth, 1950.) 
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437. The Structure of Certain Compounds derived from 
T etrahydrocarbazole. 
By S. G. P. Prawr and Murie: L. Tomitmnson, 


etter Oak en Se yitetrahydrocarbasoles 
(J., 1931, 3324), y thought to be 1l-hydroxy-2 : 3: 4: 1)-tetrahydrocarbazole, 
has been shown to be [hydroxy 1 2:3. 4-tetrahydrocarbazole, while an isomeric od 
obtained from the bromination of 1: 2:3: 4-tetrahydrocarbazole itself (/.. , 208), and 
regarded as 10-hydroxy-1 : 2:3: 10-tetrahydrocarbazole, is I1-h trah - 
enine. Both isomers gave, on dehydration, a substance originally t to be 2 : 3-dihydro- 
carbazole, but which is, in fact, | 3:4: 1°: 2): 3’ : &-octahydro-l : 9-0 : I’-dicarbazolylene, 
as shown by dehydrogenation and determination of molecular weight 


It has recently been shown (Plant and Robinson, Nature, 1950, 165, 36) that it is necessary to 
revise the structures previously assigned to two isomeric compounds, C,,H,,ON, derived from 
tetrahydrocarbazole and regarded as cyclopent piro-2-y-indoxyl (I) and 11}-hydroxytetra- 
hydrocarbazolenine (II) respectively. The same conclusions were reached independently by 





J 
OO 


Witkop (J. Amer. Chem. Soc., 1950, 72, 614), and conclusive evidence has been adduced that the 
former is cyclopentanespirooxindole (111) and the latter authentic cyclopentanespiro-2-¢-indoxyl 
(I). It has been realised for some time that revision must be made of the structures assigned to 
two other isomeric compounds of the composition C,,H,,ON, and their derivatives, also obtained 
from tetrahydrocarbazole (see Plant, Robinson, and Tomlinson, Nature, 1950, 165, 928), and 
investigations into some of the problems involved are in progress. A recent communication 
by Patrick and Witkop (J. Amer. Chem. Soc., 1950, 72, 633) in which reference is made to certain 
of these compounds makes it desirable to record some of our experimental results at this stage. 
When 9%-benzoyl(and 9%-cinnamoy!l)-tetrahydrocarbazole were treated with bromine in 
acetic acid, and the solutions immediately poured into water, compounds described as 
ll-hydroxy-9-benzoyl(or -cinnamoyl)-2 : 3:4: 1l-tetrahydrocarbazole (IV; K= Bz or 
CHPh:CH-CO) were obtained (/., 1931, 3324). They were hydrolysed and subsequently benzoy!- 


Ho 


Oy Se) 


(tv.) 


ated to the so-called 11-bydroxy- (IV; R = H) and 11-benzoyloxy-2 : 3: 4: 11-tetrahydro- 
carbazole. The possibility has existed that these substances are I-hydroxy-1: 2:3: 4- 
tetrahydrocarbazole (V) and the corresponding acyl derivatives, and, in fact, an analogous 
compound obtained from l-acetyl-2 : 3-dimethylindole was regarded as 3-methy!-2-hydroxy- 
methylindole (V1) rather than the isomeric (VII) (/., 1933, 955) (in this connection see Taylor, 
Hele. Chim. Acta, 1960, 33, 164). The correctness of the alternative formulation has now 
been established by the preparation of (V), together with 1-hydroxyhexahydrocarbazole, by the 
reduction of l-ketotetrahydrocarbazole with sodium and boiling alcohol. Ultra-violet light 
absorption spectra of the substances l-hydroxy-®-benzoyl-, 9-benzoyl-, I-hydroxy-, and 
1-benzoyloxy-tetrahydrocarbazole (Fig. Pp agers = eg aamemge ty ig ay ly > 
represented by (V) and are evidence against the possibility that the first is (IV; R = Bz) and 
undergoes the requisite structural change on hydrolysis. 

A different compound, C,,H,,ON, has been obtained by the bromination of tetrahydro- 
carbazole under similar conditions, and this was first formulated as (VIII) (/., 1933, 208). It 
has niw been found that the dye obtained from it by diazotisation and coupling with 6-naphthol 
has the composition C,,H,,O,N, (Found: C,729; H, 57; N,79. Required: C, 73-3; H, 6-55; 
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Fie. 1. 
Ultra-violet absorptiom spectra. 
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i, & Benzoyl-1: 2 21 Conese. . rerio 2:3 a eae es 3, 
! 1 :3: 1:2:3:4Ter ocarbazole. 5, 1- - 
Bensoylory- BG hi a ps ydrosy 


1: 2:3: 4-detrabvdrocarbasol 








sedetion | 


Ultraviolet absorphon spectra 
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i, 1:00: l'-Decarbasotylens, 2% 1:523:3:4-1 3 : & Octahydro-| : 99 © )-dicarbasolylene. (1 
and 2 om diovan solution.) 3, Carbazole. 4, | 3: 4-Tetrahydrocarbarole. (3 and 4 im methanol 
soluhion ) 
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N, 78%), and not C,,H,,O,N,, and the substance is the authentic 11-hydroxytetrahydro- 
carbazolenine (II) as also stated by Patrick and Witkop (Joc. cif.). 


Op ee “Bo 


(Vil. wea) ) (tX.) 


The compound obtained from both |-hydroxytetrahydrocarbazole and mt SO 
eee a os ea eae a 
called “2: 
: I’-dicarbazolylene (IX). 





(TX) and (X) are supported by ultra-violet aes spectra (Fig. 2). 


EXPERIMENTAL. 


1-Hydroxy-1 : 2: 3: 4-tetrahydrocarbazole (with B. P. Moonet).Sodium (6 g.) was added in portions 


to a boiling solution of }-keto-l : 2: 3; 4-tetrahydrocarbazole (2 g.) in absolute (Mg-dried) ethanol 
(80 c.c.) under reflux. After the mixture had been and the 


this was cooled below 0”, L-bydrony- 2: 
wae anes. colourless plates, m. 
C,,H,,ON requires C, 76-2; H, 7-9% 
a monobenzoy! compound, coloutleas needs Pp. 37° [ 

1 -P-hensoyl-1 : 2:3:4: hydrvcarbazot. 
chloric acid (Found ; C, 77-8; H, 62. CypH sO, requires C, 77-8; 
product had been removed, the solution was diluted with 





") crystallisation 
We = 


o. :2:3: 
--115°, identical (mixed m. p.) with a specimen of the substance obtained by Plant and 
° from 9-benzoyltetrahydrocarbazole and previously regarded as |1-hydroxy- 


a yellow solution in concentrated nitric acid. The use 
pharmacological tests is mentioned by Eddy (J. Pharm. Esp. 
to be 118-5", but no analysis or details of its dan Okenw ines a . 
af such information it te thought possible that ee oe one ee ee 
carbazole, m. p. 118", 9 ae the keto-compound under certain 
(sce Mears, Oakeshott, and Plant, J., 1934, 272) 
1:2:3:4:1°:2': 3: &’-Octahydro-1: 9-9 : 1'-dicarbasolylene.-(a) When 
l-ketotetrab maha a hgh Ly be bag 
. 290.293", identical (mixed m. p. 
obtained by Plant and Tomlinson ( 
. This substance is not dissolved 





ting rapidly ina 

observed by 

ae ee ae Rae eee dion to the more 

aromatic compound descri since the material which had been * for some minutes 
Gheulted tn ties sohsans On abve Une caeeaeaain Guamamaien one i eolid, mp 390-388" 
raised to 325—330° w eeprmnngccrtonatin Ro on 


The molecular weight of the octahyd: d was difficult to determine with accuracy by Rast’s 
method owing to the small solubility the substance in camphor, and values ranging between 274 and 
344 were obtained, Sot dates corve'to caleba tke toot tat the compensa bo daltead tes tue tome 
hydrocarbazole components (C,,H,,N, requires M, 338). 


With concentrated uric acid the hyd d gave a faint brown colour which was 
changed to a deep orange- by a drop of nitric acid (tetrahydrocarbazole gives a colourless, changed 
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to faintly yellow, solution}. When the compound was melted with oxalic acid a brown colour appeared 
(tetrahydrocarbazole gives a red colour). 


.—A solution of the above octahydro-compound (0-6 g_) in quinoline (20 
.) had been added, was boiled for § hour, and poured into ice-dilute 
iron 


to 
melt with oxalic acid 


The authors are indebted to Professor Sir Robert Robinson, P.R.S., for his interest in this work and 
for mach valuable discussion 


Dveow Peasins Laporatony, Oxroxp University. |Reeswed, May 4th, 1950.) 





438. Thiophen Derivatives of Potential Biological Interest. Part I. 
Thiophen Analogues of Stilbene and of Related Compounds. 
By No. Pa. Buvu-Hoi, No. HoAwn, and Denise Lavrir. 


Several new derivatives of thiophen akin to stilbene and to «f-diphenylacrylonitrile have 
been prepared by known methods for biological investigation. The properties of some aldehydes 
of the thiophen series have been examined, particularly the reaction with ethyl acetoacetate and 
the Ullmann acridine synthesis 


NuMEROUS investigations have concerned the influence, on biological activity, of the replacement 
of phenyl nuclei by thiophen groups in the molecules of various pharmacologically active 
substances (see Steinkop!, ‘‘ Die Chemie des Thiophens,"’ Dresden, 1941, p. 20; Buu-Hoi and 
Hoan, Rec. Trav. chim., 1948, 67, 309). The chief result has been to show that generally the 
thiophen nucleus is a less potent toxophore than the benzene nucleus. Some results of practical 
significance have been gathered in that respect, such as the recent discovery of Chlorothene and 
Bromothene, two substances of the pyribenzamine series which have greater antihistamine 
activity and lower toxicity than their benzene analogues (Lichtfield, Adams, Goddard, Jaeger, 
and Alonso, Bull, Johns Hopkins Hosp., 1947, 81,55). Such facts are bringing renewed incentive 
to a broader investigation of series of thiophen compounds with potential biological interest 
The present paper deals mainly with the preparation of substances akin to stilbene. 

The aldehydes used as intermediates in this work were 2-formyl-, 2-formy]-5-methyl-, 
5-chloro-2-formy!-, and 3-formyl-2 : 5-dimethyl-thiophen. These were readily prepared by 
a modification of King and Nord’s method (J. Org. Chem., 1948, 18, 635) involving the use of 
phosphorus oxychloride and N-methylformanilide, which was much superior to the reaction of 
ethyl! orthoformate with the appropriate thiophen Grignard reagents (Grischkewitsch-Trochi- 
mowski, /. Russ. Phys. Chem. Ges., 1911, 43, 204; 1912, 44, 570) and to the more recent method 
of Emerson and Patrick (J. Org. Chem., 1949, 14, 700) based on the oxidation of primary thiophen 
alcohols 

Reaction of 2-formylthiophen with benzyimagnesium chloride, followed by dehydration of 
the secondary alcohol thus formed, gave as the main product a solid 2-styrylthiophen (I; R = 
R’ = H) assumed to be the frans-form by reason of its high melting point (111°; trans-stilbene 


. , CH:cH—¢ ‘SR 
\ge cucn-< SR mel Tate — (u1.) 


has m. p. 124°), im the same way, 2-styryl-5-methyl (1; KR =— H; R’ = Me), 2-4’-methyistyryl- 
S-methyl- (1; R= R’ « Me), 2-4’-ethyistyryl (1; R= Et; R’ =H), 3-styryl-2 : 5-di- 
methyl (11; R= H) and 3-4’-methylstyryl-2 : 5-dimethyl-thiophen (II; R =< Me) were 
obtained. In some cases, there were signs of the simultaneous formation of a second isomer 
probably the cts-) 

Another route to analogues of stilbene was the condensation of thiophen aldehydes with 
2: 4: 6trinitrotoluene in the presence of piperidine, according to a procedure used in the aro- 
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matic series by Pfeiffer and Monath (Ber, apg ae Reyne The compounds (III; R = H, Me, 
and Cl) and (IV) were thus readily obtained. A third route was the condensation of thiophen 


N 
N 
all.) =a < av.) 
al are om wel Tae 


aldehydes in the presence of mineral or organic bases with arylacetonitriles. A series of 
a-ary]-§-2-thienylacrylonitriles (as V) and a-aryl-8-3-thienylacrylonitriles (as V1) was thus easily 


oN 
v.) as In tony, (V1.) 


prepared and is listed in Table I. The analogous condensation of various aromatic aldeh 
with 2-thienylacetonitrile yielded a series of §-aryl-a-2-thienylacrylonitriles of type (VII), 


a: Oe ae 


listed in Table I]. When thiophen aldehydes were used in the latter process, af-dithienyl- 
acrylonitriles of types (VIII) and (IX) were obtained (see Table II). 

It is worth mention that although §-p-methoxyphenyl-a-2-thienylacrylonitrile (VII; 
Ar = (p-MeO-C,H,) was readily demethylated by pyridine hydrochloride, the isomeric nitrile 
(VIL; Ar = o-MeO-C,H,) was completely converted into 3-2’-thienylcoumarin (X). 
norma! behaviour was also found in the aromatic series, 1-pheny!-2-o-methoxyphenylacrylonitrile 
being similarly transformed into 3-phenylcoumarin by heating it for a short time with pyridine 
hydrochloride 


The ready accessibility of thiophen aldehydes by the N-formanilide method led us to investig- 
ate their properties further. When 2-formylthiophen and ethyl acetoacetate in equimolecular 
amounts were treated with a few drops of piperidine, the expected ethyl 2-thienylideneaceto- 
acetate was not formed, but instead ethyl 4-hydroxy-6-keto-2-2’-thienyl-4-methyleyclohexan- 
1 : 3-dicarboxylate (XI; R =— H) was obtained; similarly, the 5-chloro-2-thienyl compound 
(XI; R = Cl) was formed from an equimolecular mixture of 5-chloro-2-formylthiophen, ethy! 
acetoacetate, and piperidine. Both compounds (XI) were of course obtained when one mole- 
cule of aldehyde was allowed to react with two molecules of ethy! acetoacetate. 

It may be recalled that, in the benzene series, ethyl benzylid etoacetate was readily 
obtained when equimolecular amounts of benzaldehyde and ethy! acetoacetate were treated 
with piperidine age vagomn an asety 1896, 29, 172), and we found that p-chlorobenzaldehyde 
behaved similarly. An unexpected result was therefore recorded with 3-formy!]-2 : 5-dimethyl- 
thiophen, which behaved like an aromatic aldehyde, and yielded ethyl (2 : 5-dimethyl-3- 
thienylidene)acetoacetate (XII). 


a) ad Ja Se 





5) PULL) 


te 


In some other reactions, 2-formylthiophen behaved like benzaldehyde, yielding, for instance, 
the 2-thienylidene derivative (XIII) with indane-] : 3-dione, and with an equimolecular mixture 
of a-naphthol and a-naphthylamine 5-2’-thienyl-1 : 2 : 8 : 9-dibenzacridine hog (cf. the 
synthesis of 5-phenyl-] : 2: 8: 9-dibenzacridine by Senier and Austin, /,, . 89, 1395). 
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Extensions of this acridine synthesis were the ready preparation of 5-2’-thienyl- (XV; R = H) 
and 6-2'-thieny!-7-methy!-3 : 4-benzacridine (XV; R = Me). 


f 0 
OS, 
(xIV.) Lh 
44 
Many of our new compounds are under brological investigation in this Institute by Professor 


A. Lacassagne, in particular 2-(p-dimethy! henyl)-1-2’-thienylacrylonitrile, which is 
isosteric with the carcinogenic |-pheny!- 2-(p-dimethylaminophenyl)acrytonitrile 


EXPERIMENTAL. 


snuier ie of 2-F and sts Homologues —The modification of the King-Nord 
ure (Joc. ot.) was used ghout. To a mixture of thiophen (54 g.) and N-methylformanilide 
fe @-). in a flask Gtted with a reflux condenser and a mechanical stirrer, phosphorus oxychloride 
192 g.) was added . reaction set in immediately and the liquid boiled. The reaction subsided after about 
30 minutes, and the mixture was then refluxed for | hour on a water-bath. After cooling, it was treated 
with sodiam acetate (300 g.) in water (500 ¢ c.) and steam-distilled. 2-Formylthiophen was extracted 
from the distillate with ether, with dilute hydrochloric acid, then with dilute aqueous sodium carbonate, 
dried (Na,SO,). and freed from solvent, and the residue was distilled t= vacuo ¢ yields were generally 
supertor by 1b 15g grange King and Nord. The aldehyde had b. p. 9304" 20 mm 


5-Chioro-2-formyl-, b. p. 103-—105°/13 mm., and 2-formyl-5-meth vane 107° /13 mm., 
were prepared sim with the same yields. The condensation 2 Ss to give 
3-tormy!-2 : 5-dimeth yithiophen, b. p. 115°/13 mm., was less easy and required 2 rs refluxing to 
eye good yields, probably because of the lower reactivity at the 3-position. 


Bm my ame porte trey bog —A solution of 2-formylithiophen (6 g.) in anhydrous ether (10 ¢.c.) 
Pat § in smal! ote 6 cocked Gaignané ectation vem maaeedem (3-6 0.) and benayl chloride 
(68 g) in ether (HM cc.)). After 15 minutes’ refluxing, the reaction product was poured into 10% 
copes cslpbarte acid, and the crude carbinol from the ethereal layer was refluxed for 5 minutes with 
% formic acid (20 c¢.c.). The mixture was poured into water, and the styryl compound taken up in 
benzene and purified by vacuum-fractionation (b. p. 170—180°/13 mm.). It formed, from ethanol, 
light colouriess leaflets (5 g.), m. g iil’, 4 ing an orange-red colour with sulphuric acid (Found: C, 
77-2; M, 64. Cy HS requires C, 77-4; H, 5-4%) 
2-Styryl-5-methylitiophen, prepared in the same way, had b. p. 185—190°/13 mm. and crystallised 
from ethanol in colourless leaflets m. p. 85", giving a bright red colour with sulphuric acid (Found : 
C, 780; H, 62. CMS requires C, 78-0; an 60%). 2-4’-Methylstyryl-5-methylihiophen had b 
185-106 w? mm. and formed from ethanol glistening colourless leaflets, m. p. 04° (Found: C, 78 
H,66. C, Comment 785, H, 65%). The isosteric 4: te eee ee (Anschétz and Wirtz, 
Ber, 1683. te'f O48) has m. p. 179" and b. p. 304-305", | 2-4'-Ethylstyrylihiophen was a pale yellow oil 
2s 190. 195° /13 mm., oving an a> * red colour with sulphuric acid (Found: C, 783; H, 
fatness requires C, 75-5; 5%). 3-Stpryl-2 : 5-dimethylthiophen had b. p. 196-—205°/13 mm ee 
from ethano! colourless needles, m. p. 56°, giving with sulphuric acid a deep orange-red colour 
(Pound C, 75; MH, 69. C,,H),S requires C, 78-6; 3 es }.  B-4’-Methylstyryl-2 : 5-dimethyl- 
throphes formed from ethanol colar leaflets, m 2 101", . 200---210° /13 mm., giving a crimson-red 
colour with sulphuric acid (Found 786; H, 70. C es requires C, 78-9; ft 1%). Crystal- 
ligation of the mother -liquors of all tee foregoing solid compounds yielded smal! amounts of oily, sulphur- 
containing substances which have approximately the same t p. as the crystals and which are stereoisomers 
thereot 








2-2°- TAtenylidencindane-| : 3-dione (XIL1).--One drop of pi 
of indane-! ; 3-dione (1 g.) and a (0-9 g.) in et 
at once set in The thiemylsdene derivative formed was collected, washed with - 
liged from ethanol in lon . yellow needles, m. p. 177°, giving an orange-red colour with sulphur 
acid (Pound : C, 60-8 . 35. C,,H,OS requires C, 70-0; H, 33%) 

5-2’. Thiemyl-l . 2. 8: O-dibensacridine (XIV).-—To a boiling mixture of a-naphthylamine (7 g.) and 
@ naphthol (7 g.), 2-tormylithiophen (5-5 g.) was added drop-wise with stirring. Boiling was then con- 
tinued for 56 minutes, and the reaction product distilled in a high vacuum; crystallisation from benzene 
of the resin, b. p. > 280°/2 mm., gave yellow prisms, m. p. 224° (yield, 40%), producing an orange-yellow 
colour with == acid (Found: N, 36. C,,H,,NS requires N, 39%). The picrate formed yellow 
prisms, m. p 237° (decomp.), from xylene 

5-2’. Theenyl-3 é-bensacrideme —- Samilarly ed by addition of 2-formylthiophen (5-5 +) to 2 
boiling mixture of B-naphthol (7 g.) and aniline (4-8 ¢.), this base crystallised € a in 
yellow prisms, m. p. | ae (Found: N,4@2. C,,HN NG requires N, 45%), givi Tate, dae ye 


needles, m. p. 235-236" (decomp.) (Buw-Hol and Floto, Rec Trav. chim., 1949, . gave m. p. 237") 
5-2'-Thiemy!-T-methyi-3 4-bencacridvme (from the same aldehyde, f-naphthol, and p-toluidine) formed 
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en tds bins N, 42. C,H,NS 
requires N, 4-3%), giving a picrate, m. p. os. 245° (decomp.). 


ee: 4: ely oN ne eee is Analogues —A solution of 2. 
a (0-5 g.) im dry 
ay and the residue 


N, ~¢’ . 5&-Chloro-1-(2: 
~2! pe a 11-6, Tha” coallgoaNe requires N, 
= %). 3-( 6- Trimstrostyryl)-2  S-dimethylthtophen (24 hours’ heating) formed 
m. p. 175°, giving a brownish-yellow colour with sulphuric acid Pound: N, 118, 
CoH ONS requires N, 12-0%). 





Sse -form y!-5-meth 
formed 3 fh eiccemnery m. Pp. ang et By nm, 1 Ts 





1: B-dscarborylete. —-An 


= with sulphuric iF Cc, 576; H, +. CMO C 76 
an orange- colour su acid (Found : 5 requires C, 57-6; 
H, 62%) The same compound was obtained in almost quantitative yield when the the proportion of ethy! 
acetoacetate was doubled, and the mixture kept for 48 hours. 


The 5-chloro-2-thieny! analogue crystallised from ether in glistening colourless needles, m. oe 
Ce eee C, 62-4; H, 56. C,,H,,O,C1S requires 


Ethyl rae dead antanci moon p-chlorobenzaldehyde (5 ¢). ethy! acetoacetate 
464.) 0 Are at room page g tts a’ ster obtained crystal- 
(8 g.), m. Io pring with miphoric acd a yoo colour 
(Read C615: “n. 2. Cat ES Ss OFF 
Ethyl (2: 5-Dimeth atser stati sect at from 9 3-formyl-2 : 5-di otis bh 
26 eth | acetoacetate (2:3 g name et pepe enpenenen. SS compound 
ie Pans ee acid an orange-red colour 
(Found ; C, 61-6; es. ise re Peis; 








Taste I. 
Acrylonitriles of types (V) and (V1). 


Acrylonitrile.* .p. (. p.). Formula 
a- Phenyl-B-2-thienyl- 90 CyH NS 


a-Pheny!-B-(5-methyl-2-thiewyl)- 83 C,,H,,.NS 


e oPaengt 618 atfoce 0 ion 


evevece 
weocecee 


Dthieny 
=Pr cht 8 {6-chlore 2 BEN! cccgocaseperenncda 
Naphthyl-B-2-thenyl- * 


«1- -Nophanyl 6-18 
o-l-Naphthyl-B- 


CH 
Cy Hy, 


“ee te ae 


-p-H ryphenyl-B- 
; rb a arte B-(5-omet 
a-p-H ydroxyphenyi-B-( 5-chloro-2 
e-p-H ydroxyphenyl-B-(2 | &-dimethyl- 
* All yellow needles, unless otherwise stated. 


—wEeSlSewusew SHeue 
SESSTSESTE veers 


o eeeereceve eeees 


: 








Holland: The Conversion of 


Taste II. 
Acrylonitriles * of types (V11), (VIII), and (TX). 


a ® Mp 


veuwrusvee 


+ he ‘ 1% 
B-(3 46-Dihydroxypheny!)- Cy,H,O,NS 
° be. an ot type (VIII) are tunctional derivatives of 1: 8-41-9 thienyiotes iene (Nahke, 
90, 2041). * Yellow needles unless otherwise stated. * Prisms. Lenhets ‘Bp 
io 240° /13 mm 


Preparation of Acrylontriles of Types (V), (VT). (VUI1), and (1X). -aapaee pease govpeerd be the usual 

y by shaking the aldehyde and arylacetonitrile in warm ethanol, with a few drops of 30% aqueous 

is mses lnctaneen, there was an almost immediate separation of an oi] which 

The substance was collected, washed with water, and recrystallised from ethanol. 

ge piperidine was used instead of potassium pete and the 

3 hours’ boiling. 2-Thienylacetonitrile was condensed with aldehydes in the 

el was —_ from 2-chloromethyithiophen (Blicke and Burchkalter, J. Amer. Chem. Soc., 

1943, Tos, 4 a7 Ws he ond Zienty's method (/. Amer. Chem. Soc., 1041, 63, 2945) The products are 

land Il All compounds give brown, red, or violet colours ia sulphuric acid. 

ral sneme of ansaid aneral growps so etetibed pycittie tedeintte Agus 

a mixture of the required methoxy-compound (1 part) with redistilled —- . After 

y= eye of the mixture with water, the precipitate formed was collected, washed Guowughty with water, 

aad crystallised from benzene; the yields were almost quantitative 

. Y Thienylooumarm (X Demethylation of pe ee «-2-thienylacrylonitrile (1:5 g.) 

with pyridine hydrochloride in the foregoing way, and crystallization of the reaction product from ethanol, 

yielded 3-2’ thtenyleoumarin as pale yellow, fluffy needles (1-3 g.), m. 167°, giving a red colour with 

sulphuric acid (Found; C, 68-4; H, 2-8; N,0. C,,H,O,S requires C, 68-4; H, 35%). This compound 

was insoluble in dilute aqueous sodium hydroxide solutions in the cold 

1-Phenyi- a ioem oenet’ alike pale prot © from o-methoxybenzaldehyde and phenylaceto- 

nitrile, formed, from ethanol, eg m. p. 46°, b. p. 222°/13 mm. (Found: N, 60 

Cy,HyON requires N, 62 yn woxtenent with “with ‘pyridine hydrochloride as above, it gave a 
quantitative yield of 3 ‘pheny coumarin, m. p. 140° (Oglialoro, Ber., 1879, 12, 2367) 


Deragtwent oF Orncanic Cumurstey, 
Tue Rapiom Iwerrrers, University oF Paris Received, April Sth, 1950., 


439. The Conversion of Carbamates into Dithiocarbamates. 
By D. O. Hottanp 


Carbon disulphide reacts with carbamylmethylammonium carbamylmethylicarbamate 
11) at room temperature in aqueous alcohol to yield the cc dithiocarbamic derivative 
1), Benzylammonium benzylcarbamate similarly yields benzy um benzyldithio- 
carbamate 


DuRino an investigation of the preparation of carbamyimethylammonium carbamylmethyldi- 
thiocarbamate (1) (Cook, Heilbron, and Levy, /., 1948, 201) by treating salts of aminoacetamide 
with bases and carbon disulphide, attempts were made to use sodium hydrogen carbonate as 
the base. By analogy with the compound formed by 2-aminooctanoamide hydrochloride 
under similar conditions (Erlenmeyer and Sigel, Annalen, 1875, 177, 130) the reaction would 
have been expected to yield the carbamate (II). In fact, it was possible, by repeated extraction 
of the reaction mixture with alcohol (96%) and acetone and treatment of each extract with 
carbon disulphide, to obtain successive small quantities of the dithiocarbamate (I) 

oH <O-NH, CHyCO-NH, 

NH-CS,H.NH,CH,CO-NH, NH-CO,H.NH,CH,CO-NH, 

(I.) (IL.) 
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On the assumption that the carbamate (II) was first formed it was apparent that either (a) it 
had decomposed to aminoacetamide during the extraction, or (6) had itself been slowly extracted, 
yielding (I) on the subsequent addition of carbon disulphide. 


R-NH-CO,H.NH,R + CS, —»> R-NH-CS,H.NH,R + CO, (R = CH,CO-NH,) 


It has now been found that the carbamate (II), formed in good yield by the action of carbon 
dioxide on an alcoholic solution of aminoacetamide 

aqueous alcohol at room temperature to give the dithiocarbamate (I). 

takes course (b). This is believed to be the first example of the conversion of a carbamate into 
the corresponding dithiocarbamate, although Inghilleri (Gazzetta, 1900, 89, 634) described the 
reaction of carbon disulphide with ammonium carbonate under pressure at 100° to form 
ammonium thiocyanate, which might well have involved the initial conversion of the ammonium 
carbonate into ammonium carbamate followed by reaction with carbon disulphide and 
subsequent decomposition of the dithiocarbamate. 

Benzylammonium benzylcarbamate (Wright and Moore, ]. Amer. Chem. Soc., 1948, 70, 
3865) similarly gives a good yield of the corresponding dithiocarbamate, but there has been no 
opportunity to extend the reaction to other carbamates. 

The carbamate (II), m. p. 124-5° (decomp.) (uncort.), is probably identical with the com- 
pound, m. p. 126° (decomp.), which is formed when aminoacetamide is exposed to air (Heintz, 
Annalen, 1868, 148, 195; Koenigs and Mylo, Ber., 1908, 41, 4429; Cook, Heilbron, and Levy, 
loc. cit.) and was suspected of being a carbonate. 


EXPERIMENTAL. 
(All m. p.s are uncorrected.) 


lammonium Carbamylmethyicarbamate (II).—-To a stirred 
~ ve soba ha (a) > 
alkaline 


veniently k 
oil separat nu othaviten atemmeane 
: lised when scratched, and the solid was 
(14-38 g.); p (oad gS, mp Goce i 
further crop (9-42 m A .). rb 
(10 g.) was recrystallised by’ dissol dissolution in water (20 ml.) rod addition of alcohol (16 
refrigeration, but the m. 4 remained unchanged (Pound Cc, 31-2; H, 63. CY 
31-26; H, 626%). An aqueous solution gave no precipitate with barium chloride un 
Reaction of Carbon Disulphide with Carbamyimethyl. 
cohution af tha carbamate (II) 16 g.) in water (20 0a.) ond loahel (50 al), ¢ 
added. Slow evolution of carbon dioxide soon commenced and began to 
when all the carbon disulphide had dissolved. Colourless 
carbamylmethyldithiocarbamate (1) rapidly separated at this t, and 
temperature the mixture was cooled in the ice-chest and the solid (4-13 ¢.. 71%) removed and washed 
with alcohol and ether. It had m. p. 139° (decomp.), not depressed on on admixture with an authentic 
, oy its identity was confirmed by conversion into 2-mercaptothiazol by hydrochloric acid 
»%k, Heilbron, and Levy, Joc. cit.). 











Reaction of Carbon Aide with “a atay fa Bensyicarbamate.—Benrylammonium benzy 
carbamate (5 g.) (Wright Moore, loc. ott — = the dithiocarbamate (4-42 g., 787%), m p 


115° (decomp.) (heating from 110°), not 

(decomp.) (heati Sen 1H, pooped Solon eutben died and benzylamine in {Salkowsk:, 
Ber., 1591, 24, 2725, gave m. , Shout 180" Gtacem ‘ound: C, 622; H, 62; N, 96; S, 22-8. 
Calc. for C,,H,N,S, : C, 62-1; H, 62; N, 97; at 


The author thanks Dr. J. D. A. Johnson for his interest in this work and the Directors of Beecham 
Research Laboratories Ltd., for permission to publish the paper. 


Orcanic Department, Beecuam Restarcu Laporatonizs Lro., 
BrockmaM Park, Bercuwortu, Surzey (Received, April 26th, 1950.) 


ture with an authentic specimen, m. p. TF 
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440. Frog-spawn Mucin. 


By B. FP. Foxes, R. A. Grawr, and J. K. N. Jones. 


Prog-speawn mucin, which contains some 42% of carbohydrate, on hy yields L-fucose 
(7-1%), D-mannose (3-5%), x L -7%), D-glucosamine 
(89%), and p-chondrosamine with perioda 
destruction 


identified after hydrolysis of the mucin, and the amounts quantitatively. 


Tue analysis of the mucins (protein polysaccharide complexes) has been delayed by the lack of 
suitable methods for the quantitative determination of amino-acids and sugars. For example, 
the separation and identification of the sugars produced on hydrolysis is a matter of some 
difficulty owing to the interfering effect of the amino-acids and peptides produced simultaneously. 
The development of new methods (Hough, Jones, and Wadman, /., 1949, 2511) has facilitated 
the separation of the sugars and we now report the results of an examination of the sugars and 
amino-acids produced on hydrolysis of frog-epawn mucin (cf. Giacosa, Z. physiol. Chem., 1882, 
7, 40; Schulz and Ditthorn, iid., 1900, 29, 373). This material is known to contain 
p-galactose (van Ekenstein and Blanksma, Chem. Weehblad, 1917, 4, 407; Pirie, Brit. J. Exp. 
Path., 1936, 17, 273; ct. Bray, Henry, and Stacey, Biochem. J., 1946, 40, 124) and fucose (Bray 
and James, Ist International Congress of Biochem., Abs. 267/6, 225) and it was of interest to 
determine whether --galactose was also present as had been observed in snail 

(Baldwin and Bell, J, 1938, 1461; 1941, 125). A preliminary examination of the products of 
hydrolysis of the mucin showed the presence of fucose, galactose, and glucosamine, provisionally 
identified on the paper chromatogram by the method of Partridge (Biochem. J., 1948, 42, 238) 
in order to coniirm the identification of these sugars the mucin was hydrolysed, the acid and 
acidic amino-acids were removed with Amberlite resin IR4B, and the residual neutral and 
basic compounds separated on a column of cellulose, n-butanol half-saturated with water being 
used as eluent. In this manner the following sugars were isolated. 

(a) t-Fucose was identified as the crystalline sugar and as its characteristic crystalline 
toluene-p-sulphonylhydrazone. The optical rotation of the crude sugar (—68°) showed that 
esther some pD-rucose of some other more positively rotating material was present. As the 
fraction gave a positive ninhydrin reaction this may have been amino-acid. N-Acetyighucos- 
amine moves at the same rate as fucose on the chromatogram and may have been a contaminant 

(6) D-Mannose, was isolated as the characteristic phenylhydrazone. A solution of the 
phenylhydrazone in dilute hydrochloric acid furnished p-mannose, which behaved on the 
chromatogram in a manner identical with that of an authentic specimen of D-mannose pheny!- 
hydrazone treated in a similar fashion. This sugar and p-glucose were not detected in the 
preliminary bydrolysis experiments owing to their low concentration. Separation of the sugar 
mixture on a column, however, leads to concentration of the sugars, which can then be detected 

(c) D(?)-Glucose was identified as its osazone and by its rate of movement on the 
chromatogram. The low rotation of this fraction (+ 27°) indicated that other material, some 
of which was amino-acid, was also present 

(d) »-Galactose was isolated as the crystalline sugar. No t-galactose could be detected 

(e) »-Glucosamine hydrochloride. The identity of this material was confirmed by its 
conversion into p-glucosazone and by the identity of its X ray photograph with that of an 
authentic specimen 

if) p-Chondrosamine was isolated as its crystalline hydrochloride which, with phenyl- 
hydrazine and acetic acid, gave galactosazone. The X-ray photograph was identical with that 
of an authentic specimen of chondrosamine hydrochloride. This amino-sugar was an unexpected 
component of the sugar mixture (cf., however, Schmidt, “ Organic Chemistry,” Sth edn., 
p. $12). Its separation from glucosamine on the chromatogram is unreliable and it escaped 
detection in the early experiments. Fucose, galactose, glucosamine, and chondrosamine have 
been detected in frog-spawn mucin by Drs. H. G. Bray and S. P. James (private communication). 
Xylose may also be present (see p. 2139) 

The positions of the sugars on the chromatogram were revealed by spraying with p-anisidine 
hydrochioride solution in #-butanol (Hough, Jones, and Wadman, /., 1950, 1702). The sites of 
the amino-sugars were shown by spraying duplicate papers with ninhydrin solution or Ehrlich’s 
reagents. The yields of sugars obtained from the separation on the column of cellulose enabled 
an estimate of the percentages of the sugars present in the original mucin to be made. A 
more accurate determination of the sugars was made by analysis of the products of hydrolysis 
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of the mucin by the method of Flood, Hirst, and Jones (/., 1948, 1679) as modified by Hirst and 
Jones (J., 1949, 1659). The methy! pentose content of a sample of hydrolysed mucin was also 
determined by the method of Nicolet and Shinn (J. Amer. Chem. Soc., 1941, 68, 1456) and was 


the method of Vasseur (Arkiv Kem, 1949, 1, 253) : ’ 
35% (calc. as C,H,,0,), p-galactose, 12°7% (calc. as C,H,,0,), D-glucosamine, 89% (calc. as 
Con :O,N), and p-chondrosamine, 95% (calc. as C,H, ,O,N). 

The mucin was oxidised with sodium periodate solution with the resultant destruction of 
all the fucose and of some of the amino-sugar. During the oxidation formic acid was produced 
in amount corresponding to the formation of approximately one mol. of acid per mol. of fucose, 
EE ae a ee ee ee ee The majority of 


N-acetyl, 94; this figure is high and other volatile acids may be present). The above evidence 
indicates that some 50%, of the amino-sugar (if in the pyranose form) is present as end group, 
or is linked through C,,, and C,,, only. The glucose detected on the chromatogram may be 
part of the carbohydrate moiety of the mucin or it may result from the hydrolysis of a small 
amount of glycogen present as impurity. The method of isolation of the mucin, involving as 
it does a treatment of the frog spawn with 0-0ln-sodium hydroxide at 35-—40°, may result in 
the liberation of some of the glycogen which is present in the embryo. The mucin gave no 
detectable intensification of colour with aqueous iodine; the amount of glycogen admixed with 
the mucin must therefore be small. The carbohydrate moiety resembles the carbohydrate 
material obtained from other sources by Bray, Henry, and Stacey (loc. cit.) and by Aminoff, 
Morgan, and Watkins (Biochem. ]., 1050, 46, 426). The latter authors have reported the 
presence of hexosamine, galactose, and fucose in the molecular proportions 2:1: 1 in blood 
group A substance isolated from pseudomucinous ovarian cyst fluid. No mannose was detected. 

The amino-acid content of the mucin was determined after hydrolysis with hydrochionc acid 


dimensional chromatography (Dent, Biochem. J., 1948, 48, 169), were determined by a 


modification (Folkes and Yemm, to be published) of the microbiological assay of Henderson and 
Snell (J. Biol. Chem., 1948, 172, 15). Alanine and threonine were determined by colorimetric 
estimation of the acetaldehyde produced on oxidation with ninhydrin (Virtanen and Rautanen, 
Biochem. J., 1947, 41, 101) and periodic acid (Winnick, J]. Biol. Chem., 1042, 142, 461), 
respectively. Colorimetric tests (McFarlane and Guest, Canadian J. Res., 1030, B, 17, 139) 
for hydroxyproline yielded negative results. Amide nitrogen was determined by dilute acid 
hydrolysis followed by colorimetric estimation of the ammonia produced (Yemm and Folkes, to 
be published). 

The results are given in the table (p. 2140). The amino-sugars, amino-acids, and amides 
account for nearly 94% of the total nitrogen. The threonine estimate may be slightly high, 
since traces of L-fucose which might have survived the severe hydrolysis conditions ——— 


determined, contain only 90% of the total sulphur. 
destruction of cystine during hydrolysis 
The ammonia content (134% of the total N) of the acid hydrolysate ie much higher than 
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fucose is an end group and that some of the galactose is linked through at least two carbon 
atoms 

In @ private communication, Drs. H. G. Bray and S. P. James, of Birmingham University, 
inform us that they have also examined the hydrolysis products of a mucin obtained from frog 
spawn by dissection. The carbohydrate moiety appears to contain chondrosamine as the 
major amino-sugar component, along with galactose and fucose. Scission of the mucin with 
006n-sodium carbonate at 100° for 5 minutes liberates a portion of the amino-sugar. Serine, 
glycine, threonine, alanine, lysine, proline, valine, leucine, aspartic acid, glutamic acid, arginine, 
cysteine (as cysteic acid) and phenylalanine were also detected in the acid hydrolysis products of 
the mucin by paper partition chromatography. Methylation of a mucin obtained by extraction 
of the spawn with barium hydroxide yielded an ether-soluble methylated product (A) which 
contained end groups of i-fucopyramose (7%) and p-galactopyranose (7%), identified as 
crystalline 2; 3: 4-trimethyl a-methyl-.-fucoside and 2: 3:4: 6-tetramethy!l p-galactose 
anilide, respectively. Other partly methylated sugars await identification, but no amino- 
sugar derivatives were detected. The methylated derivative (A) probably represents a highly 
degraded fraction of the mucin. 


It is apparent that much further work will be required to elucidate the structure of this 
mucin. 


EXPERIMENTAL. 


Isolation of the Mucon.--Freah trog spawn was washed and separated as completely as possible from 
water and organic debris. w»-Sodium hydroxide was then added with stirring until the total 
concentration was 0-1. relative to the volume of the frog spawn. The mixture of spawn and alkali 
was then warmed to 35—40° ; the cuter jelly then rapidly dissolved, allowing the inner black embryo to 
settle out. The alkaline solution of mucin was decanted from the embryos and immediately made 
slightly acid by addition of acetic acid. The mucin was precipitated b pouring it into methanol (5 vols.), 

ted by decantation, washed by decantation with methanol then with acetone, and collected 

on @ filter. It was dried under reduced pressure at room temperature, and was obtained as a white 

a insoluble in cold water, soluble in sodium hydroxide [Found : C, 40-6; H, 6-8; N, 81 (Dumas), 
0 (Kjeldahl); 5,095; N-acety!, 04; sulphated ash, 3-6%, on a sample dried at 100°/16 mm.) 


Analysis of the Mucon.—The dried mucin (57 mg.) was dissolved in hydrochloric acid (2x.) and 
hydrolysed in a sealed tube at 100° for 7 hours. The tube was then cooled and opened, and the solution 
evaporated to a syrup under reduc ge = in order to remove most of the hydrochloric acid. The 
solution was then neutralised and the volume adjusted to 20 c.c. The amino-sugar content was 


determined colorimetrically on 4 ¢.<. of solution by the method of Vasseur (Joc. cit.) (Found: 2-01 mg. of 
amino-sugar hydrox hioride. This corresponds to the presence of 21°, of amino-sugar, calculated as 
CeH,,O,8 and chondrosamine and glucosamine being assumed to give the same colour intensity per 
unit weight) 


The mucin (34-2 mg.) was suspended in »-hydrochioric acid (10 c.c.), and the mixture heated on the 
boiling-water bath. At intervals, portions (1 ¢.c.) were withdrawn and the reducing power determined 
by the method of Hirst, Hough, and Jones (/., 1949, 028) (Found: mg. of hexose liberated rice 
1-07 (36 minutes), 1-46 (2$ hours), 1-43 (39 hours This correspond to the liberation of 14:3 mg. of 
hexose of 37.6% of reducing sugar (as C,H,.O, The solution was heated for a further 8 hours 


To the remaining solution (6¢ ¢ ; equivalent to 20-5 mg. of mucin), rhamnose hydrate (4-17 mg.) was 
added and the cooled solution was neutralised with Amberlite resin IR4B and filtered. The filtrate and 
washings were evaporated to a syrup. and the sugars separated chromatogra: ally on paper in the 
asual manner (Found, in duplicate experiments: rhamnose hydrate, 0-273, 0-300; fucose, 0-111, 
© 111; mannose, 0-054, 0-054, galactose, 0-187, 0-210; glucosamine as the hydrochloride, 6-163, 0-170 
chondrosamine as the hydrochloride, 0-174, 0-182 meg These figures correspond to the presence of 
fucose, 7-4, 67% (calc. as C,H,.O,), mannose, 3-6, 3-3%, galactose, 12-6, 12-8%, (both calc. as C,H,,0,), 
glucosamine, 0 i's 6%. and chondrosamine, 97, 92%, (both calc. as C,H,,O,N). No great accuracy 
is claimed for these last two pairs of figures owing to the difficulty in separating completely the two 
amino-sugars on the chromatogram 


Determination of Methyl Pentose (Nicolet and Shinn, loc. ci The dried mucin (781 mg.) was 
hydrolysed with 0 5s-sulphuric acid (5¢.c.) for Thours. The solution was neutralised with solid sodium 
hydrogen carbonate, and the acetaldehyde determined after oxidation with periodate solution (Found 
acetaldehyde equivalent to 7.17 ¢.c. of 0-01~-thiosulphate solution, i.¢., 6-8% of fucose calc. as C,H ,.O, 


Hydrolysis of the Mucem and Isolation of the Sugars produced— Method A The mucin (1-082 ¢.) was 
suspended in water (40 cc), and ~-hydrochloric acid (40 cc.) added. The mixture was then heated on 
the boiling-water bath (temp. of solution, §7°) for 26 hours. The cooled solution, which was pale yellow 
was filtered free from humic material, and the filtrate passed down a column of 1 R4B resin he neutral! 
efivent and washings were concentrated to a brownish syrup, which was dissolved in methanol (5 ¢ c 
and the solution placed on top of a column of hydrocellulose (1) « 12”). #-Butanol, half-saturated 
with water, was then allowed to percolate down the column, and the effluent was collected automatically 
im emall fractions (ca 6 « he detection and identification of the sugars in the eluate were carned 
out by the method of Hough, Jomes, and Wadman (lec. cit Complete separation of all the sugar 
fractions was attained 
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The solvent was removed from each fraction by distillation under reduced pressure at 50°, and the 
residue dissolved in water, filtered. and the filtrate concentrated under reduced pressure. Six fractions 


were 

een a ee ee Determination of the 
showed the aie ae COS of peGueiig manteal cteetnd, 08 Seen, hae SSO, © 
arnt 5 So Day ¢ was triturated with methanol and a 


L-fucose (3 =) = hy mixed m 44°, was obtained, (2)p —82° + @ (c, 0-4 in water). 
methanohe filtrate A ob warmed wae an alcoholic solution Sieenhb-ecien . 
L-fucose toluene-p-sulphonyih 4° ipitated (78 me). It was 

and had m. p. and mixed m. p. 175 rotation of the crude sugar may be due to the 
presence of D-fucose or xylose ( ?). deaipate races ee ak 


(2) Estimation of the sugar content to a eee Ltelp 
not 


+14" (¢, O14 im water) (yield, calc. as C,H,,0,, 14%). V3. A 

hydrazine acetate solution (1 c.c.) was to the syrup, and the tion set aside. ivtentee 
the supernatant liquid was withdrawn from the 8 ale of mannose phenylhydrazone which adhered 
to the bottom of flask. The crystals were successively with water, alcohol, and ether and 
dried (m. p. and mixed m. p. 185°, decomp.). A sample of the phenylhydrazone was dissolved in a drop 
of warm hydrochloric acid (2N.), and the solution 6 a chromatogram. A sample of mannose 
phenylhydrazone was treated in the same fash tion in the usual manner it was found 
that the sugar liberated from the pad = lll had moved through the same distance as had 
mannose, and that it gave the same colour reactions when the chromatogram was heated after it had 
been sprayed with aniline trichloroacetate or p-anisidine hydrochloride 


(3) This fraction (15 mg., from the determination of reducing power) did not crystallise; (a)p +27° 
(c, @15 in water). When its solution was heated with phenylhydrazine acetate solution, glucosazone 
was formed, identified by its characteristic crystalline shape. The syrup gave a positive ninhydrin 
reaction and may have contained amino-acid as well as sugar 


(4) Determination of the sugar content of this solution showed the presence of 148 mg. of material 
(12-3%), [a)p +79° (c, 1-2 it: water). On concentration, crystalline p-galactose (125 mg.) was obtained, 
m. p. and mixed m. p. 165 


(5) The solution obtained on concentration of this fraction was too dark for polarimetric observations 
On standing, crystals of glucosamine hydrochloride aon These were filtered off, washed with 
methanol, and dried (yield 108 mg., 7-5%, calc. as C, (a) +72° (c, 1-0 in water), When a 
sample was heated with phenylhydrazine acetate caietiod, pd Bs crystals of glucosazone were 
pre uced. An X-ray ape of the crystals of the hydrochloride was identical with that obtained 
rom a sample of authentic glucosamine hydrochloride. 


(6) The solution obtained on concentration of this fraction was brown, and polarimetric observation 
was not possible. Concentration of the —- ave crystalline chondrosamime hydrochloride, which 
was separated by trituration with methanol, + 109° (c, 1-0 in water) (yield 93 mg., 64%, cak 
as C ..0.N) ‘A specimen of this material when heated with phenylhydrazine acetate solution gave 
galactosazone (characteristic crystals and solubility). An X-ray ytograph of the crystalline amino- 
sugar hydrochloride differed markedly from that obtained from glucosamine hydrochloride (cf. Cutler, 
Haworth, and Peat, /., 1937, 1979), and was identical with that obtained from authentic chondrosamine 
hydrochloride (Stacey, ]., 1944, 272) 


Method B. The mucin (0-74 g.) was boiled with methanolic hydrogen chloride (60 c.c.; 2%) for 
16 hours. The cooled solution was filtered, and the filtrate neutralised with silver carbonate and again 
filtered. The solution of glycosides and of esters of amino-acids was concentrated to a syrup, and the 
residue dissolved in water. When the solution was percolated down a column of IRI Amberlite 
resin, practically all the amino-acid derivatives were removed. The eluate was concentrated to a 
syrup, which was dissolved in n-sulphuric acid (50 c.c.), and the dark solution heated on the boiling- 
water bath for 12 hours. The c solution was exactly neutralised with barium hydroxide and 
filtered. Concentration of the filtrate gave a syrupy residue (0-20 g.), which was separated on a column 
of cellulose, m-butanol half saturated with water lee used as eluent. This led to the isolation and 
identification of samples of L-fucose and p-mannose. Xylose (5 mg.) ieee pitas A identified as its 
dibenzylidene dimethy! acetal, m. p. 205°, by its rate of movement on the chromatogram, and by the red 
colour produced by it on the chromatogram when warmed with aniline phthalate. The xylose may be 
an artefact and not a component of the mucin. No uronic acid was present (naphtharesorcinol test) 


Oxidation of the Mucin by Periodate.—(a) The mucin (551 mg.) was suspended in water (50 c.c.), and 
0-01 s-sodium hydroxide (7 c.c.) added to make the solution neutral to “ screened ” methyl-red, The 
solution was cooled to 0°, and sodium periodate solution (7 ¢.c., 0-5.) added. The solution was kept at 
2° in the dark for 30 hours. (The oxidation of starch proceeds to completion under these conditions; 
Halsall, Hirst, and Jones, /., 1947, 1399.) Ethylene glycol was added, and the solution titrated with 
0-1s-sodium hydroxide (Found: 401 c.c corsuapend ng to the uction of one mol. of formic acid 
per mol. weight 1380). This amount of formic acid would be uced from 11-68% of hexose end group 

(cale. as C,H,,0,) or from 10-6% of methyl pentose end group (calc. as C,H,,0,). 

(b) The mucin (226-3 mg.) was oxidised with sodium periodate solution (10 c.c.; 0-6m.) as described 
above. Excess of periodate was removed by addition of ethylene glycol, and the solution dialysed 
until free from iodate ions. The solution was concentrated under reduced pressure, and a portion 
(115 mg.) of the pale yellow solid residue (140 mg.) hydrolysed in a sealed tube with »-hydrochloric acid 
at 100° for 7 hours. The volume was adjusted to 10 c.c. A portion (2¢.c.) of the o solution was 
neutralised with Amberlite resin IR4B, and the solution filtered and concentrated to a syrup. 
Examination of the syrup on the chromatogram showed the absence of fucose and the presence of a trace 
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sa crap aes ame en 11% of amino-sugar (calc. as C,H,,O,N). 
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tor unti!] required 

tiqwots showed. te 718 ne. N/ml. (Calc. from total N 
fal.) The difference is is assumed to be due to nitrogen 
Free ammonia of 2-m!. aliquots was 


ith the exception of tryptophan and hydroxyproline) were carned 
out on this hydrolysate. Details of the methods em haged deo Go be pebiiahed Caouhess. Siateen of 


—— of the microbiologocal assay of Henderson 


Amino-acid, mg., 

per mil. of Total N, 

: wrarelunte. 

Acid hydrolysate (total N, 731 pg. /mil.) Proline 4 
; 6-210 

174 
@-137 
O-1S4 


te 1s wo ae 


Histidine (H,O, HC!) 

tsoLeucine 

Leucine 

Lysine (HC) 
hiomine . 


we eUenuue- Feu 
ee ee 2 


organisms. All assays were carried out in triplicate at each of five levels of unknown and standard 
Results are expressed in the table as mg of amino-acid found per ml]. of hydrolysate and as the calculated 
percentage of total nitrogen corresponding to each amino-acid 


Alanine was determined by oxidation with ninhydrin (Virtanen and Rautanen, loc. cit.) followed by 
estimation of the acetaldehyde produced by a modification of Stotz's p-hydroxydipheny! colour reaction 
UJ. Biot. Chem., 1043, 148, 685). Winnick’s method (Joc. cit.) was followed for + oy ware estimations, 
ves., oxidation with periodic acid in Conway micro-diffusion units and determination of acetaldehyde by 
the p-hydroxydipheny! method 


Determination of Tryptephan. (With Miss J. C. Hitiman) —The mucin (93-2 mg.) was hydrolysed 
by 17 hours’ saute ol in « sealed tube with bx-sodium hydroxide (1 ml.). After adjustment with 
hydrochloric acid to 60, the volume was made up to 40 ml. (Calc. total N, 185-5 pg./ml.) 
Tryptophan was determined by microbiological assay, L. arabsmosus being used. Complete racemisation 
was assumed to have taken place during hydrolysis, and pt-tryptophan was employed as the standard 


Test for Hydroxyproline._A hydrolysate was prepared by heating 200 mg. of the mucin with 
3~x-sulphuric acid (2 mi.) in a sealed tube at 100° for 12 hours. After neutralisation, the solution was 
Aitered and made up to 5 mi. 1-Ml. aliquots were employed for the colour test (McFarlane and Guest 
loc. cit.) but no hydroxyproline could be detected; neither was it detected on the chromatogram, 


Determination of Amide N tiragen.— Weighed portions of the mucin (16-05, 13-50 mg.) were hydrolysed 
with 2x-sulphuric acid (10 mi.) at 100° for 3 hours. The ammonia produced was distilled off and 
determined by Nesslerisation (Found N, 706, 683 yg., corresponding to an amide content of 6-23, 6-35°, 
of total N) 


Destruction of Glucosamine on Acid Hydrolysis.—p-Glacosamine hydrochloride (70 mg.) was 
autoclaved in a sealed tube at 15 lb. pressure for 5 hours with 3n-hydroct.loric acid (2 mi The solution 


was diluted to 10 mi.. and | mi. aliquots were taken for the determination of free ammonia (Found : 
92, 06 pg. ammonia N /ml., equivalent to 20, 21% of the total nitrogen of the glucosamine) 


The authors thank Dr. T. Malkin for the X-ray photographs of glucosamine and chondrosamine 
hydrochloride, and Mr. B. Cist for carrying out the colorimetric determination of amino-sugars. 


Deragtwents or Botany ann or Cuemistey, 
Tee Untversrry, Barerot (Received, May 24th, 1950.) 
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441. The Sommelet Reaction. Part III, The Choice of Solvent 
and the Effect of Substituents. 
By S. J. Axoyat, (Miss) P. J. Morris, J. R. Teraz, and J. G. Wirson. 
substituents decrease the rate and the yield of the Sommelet reaction 


Acetic acid solution is introduced as the best solvent for the Sommelet 


Aromatic aldehydes, substituted by halogens or alkyl or alkoxy-groups, are readily prepared 
by the Sommelet reaction (cf. Part I, J., 1949, 2700; Part Il, did., p. 2704). The effect of a 
nitro-group has been studied by Mayer and English (Annalen, 1918, 417, 63) who failed to 
prepare o- and p-nitrob Idehyde from the corresponding benzyl chlorides. Graymore 
(J., 1947, 1118), however, obtained p-nitrob idehyde in poor, yield from p-nitrobenzy!- 
methyleneamine. As no other aldehyde with a strongly electron-attracting group (NO,, CHO, 
COMe, SO,NH,) appears to have been prepared by the Sommelet method we have decided to 
study the effect of such substituents. 

It soon became apparent that electron-attracting substituents have an unfavourable effect 
on the Sommelet reaction. It has been shown in Part I (loc. cif.) that the reaction of an aryl- 
methy! halide with hexamine proceeds in three steps: (i) a quaternary compound, the 
hexaminium halide, is formed, (ii) this is hydrolysed to an arylmethylamine, and (iii) the amine 
is converted into an aldehyde (the Sommelet reaction proper). Our preparative experience 
indicated that the rate of (i) was decreased by electron-attracting substituents, and this 
conclusion was confirmed by semi-quantitative rate measurements. A -chloro-substituent 
has a slight, a p-nitro-substituent a pronounced effect. Step (ii) is fast in comparison with the 
others. The velocity of step (iii) shows very little substituent effect but it is characteristic 
for negatively substituted aldehydes that yields show a maximum at a definite reaction time 
and drop off sharply on prolonged heating (cf. Nos. 7 and 8 below, and Table II). The m. p. 
of the crude product is also decreased, indicating that the aldehyde participates in side reactions. 
The time of heating is therefore critical in the preparation of aldehydes with electron-attracting 
groups; with other aldehydes no such difficulty was encountered. 

It follows from these facts that, when the hexaminium salt is formed during the Sommelet 
reaction, the slowness of this step necessitates prolonged heating which reduces the yield and 
purity of the aldehyde. It is therefore imperative in many cases to prepare and isolate the 
hexaminium salt first by heating the reactants in chloroform solution which may be done for 
any length of time without fear of side-reactions. 

It was also found that the usual solvent, aqueous ethanol, gave poor yields in many cases, 
A better reaction medium was therefore sought. 

The Choice of Solvent.—Hewett (/., 1940, 297) introduced glacial acetic acid as a solvent for 
the Sommelet reaction and Badger (J., 1941, 535) prepared the two naphthaldehydes in good 
yield by this method from the bromomethylnaphthalenes. Very concentrated solutions were 
employed with a boiling time of only 0-5—1 minute. When we repeated this procedure with 
l-chloromethylnaphthalene much of it was recovered unchanged. Ten minutes’ heating 
resulted in the disappearance of the starting material but the yield of aldehyde was poor and 
decreased further on longer boiling. At the concentration used, the boiling point of the mixture 
was over 160° and it was apparent that decomposition of the aldehyde occurred. This was 
confirmed in the case of benzaldehyde: after 1 hour's boiling with hexamine in glacial acetic 
acid less than one third was recovered. Besides tarry products, benzylamine and benzyl- 
methylamine were formed, i.¢., a reversal of the Sommelet reaction had taken place. No such 
effect was noticed with lower-boiling solvents. Acetic acid should therefore be used with care; 
the solution should contain at least 5 parts of solvent for each part of hexamine, and boiling be 
as short as possible. 

To carry out the reaction at a lower temperature, 50% acetic acid solution was used as 
reaction medium. This solvent seems to combine a suitable boiling point with good solvent 
power and a desirable acidity. The Sommelet reaction [step (iii)) is faster in this medium than, 
at the same temperature, in aqueous ethanol. In most cases, though not in all, it proved to be 
the best solvent. It has the disadvantage, however, that it rapidly hydrolyses hexamine, ¢.¢. a 
70% yield of 1-naphthaldehyde fell to 23% when the solution of hexamine in 50%, acetic 
acid was boiled for 15 minutes before the addition of l-chloromethylmaphthalene. This can be 
overcome by the use of excess of hexamine in those cases where the hexaminium salt is formed 
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rapidly. When this formation is slow, the hexaminium salt car be prepared in chloroform and 
then heated in 50% acetic acid solution; hydrolysis is then no disadvantage because it is not 
hexamine itself but its hydrolysis products which react in step (iii). 

Thus, the procedure which is most likely to give good results in yet untried cases is to prepare 
the hexaminium salt in chloroform and then heat it with 50% acetic acid solution. 

The Effect of Substituents. —-Details of the preparation, and yields, of fifteen aldehydes are 
summarised in Table I. Where the hexaminium salt was isolated, this is indicated in the table 
by showing the amount of this salt used in the reaction. The conditions given in the table 
represent for each aldehyde (except Nos. 3 and 4 for which the optimum conditions were not 
ascertained) the highest yield obtained from at least ten runs in which the solvent, the 
concentration, and the time of heating were varied. In some cases the conditions giving the 
best yield in another solvent are also given for comparison. 

The effect of varying conditions on the yield is shown in Table II for p-nitrobenzaldehyde. 
Runs made without isolating the hexaminium salt gave low yields and impure product. The 
by-products were, as usual, p-nitrobenzylamine and p-nitrobenzylmethylamine. 

1-Naphthaldehyde has been prepared several times previously by the Sommelet reaction 
(Mayer and Sieglitz, Ber., 1922, 55, 1846; Anderson and Short, /., 1933, 485; Coles and Dodds, 
J. Amer. Chem. Soc., 1938, 60, 853; Rupe and Brentano, Helv. Chim. Acta, 1936, 19, 586; 
Ruggli and Preuss, ibid., 1941, 24, 1350; Badger, loc. cit.; Price and Voong, J. Org. Chem., 
1949, 14, 115). It is included here because of the thorough study we made of the reaction 
conditions, resulting in greatly improved yield. It was found that methylation to 1-(methyl- 
aminomethyl)naphthalene was slow (cf. Part I) and the yield was therefore not materially 
improved by dropwise addition of chloromethylnaphthalene. The Sommelet reaction is the 
best method of preparation of this aldehyde 

For the preparation of No. 6, the corresponding amine (‘ Marfanil "’) was used in most runs 
because of its availability. It has been ascertained in several cases that the use of an amine 
hydrochloride, with 1 mol. of hexamine and 1 mol. of formitdehyde, is equivalent to the use of 
the corresponding hexaminium salt. The low yield in this case is probably due to side-reactions 
between the sulphonamide group and formaldehyde since amorphous by-products were formed 

Whilst one electron-attracting group reduces the yield of the Sommelet reaction, two 
apparently inhibit it completely (No, 5). Introduction of an additional hydroxy-group, which 
accelerates the hexaminium salt formation enormously, has little effect on step (iii). Indeed, 
in its effect a hydroxy-group is not different from an acetoxy-group, as is shown by comparison 
of Nos. 84 and 8). In the latter the acetyl group has been lost presumably during the acid 
hydrolysis following the reaction. 

The relative position of the substituents is important, however, as is shown by a comparison 
of Nos. 7 and 8. When the hydroxy-group is in an o-position to the prospective aldehyde 
group, not only the yield but also the reaction rate is reduced. Thus in glacial acetic acid, in 
the concentration given in the table, the best yield (70%) of No. 7 was obtained after 0°25 hour; 
on boiling for one hour the yield fell to 51%. In the same concentration, the yield of 
No. 8 after 0°25, 1, and 2 hours was 45, 57, and 36%, respectively. This effect is even more 
noticeable in the case of Nos. lla and 11+ where the same aldehyde was obtained in a lower 
yield from the isomer having a group ortho to the chloromethyl group. 

The same effect is responsible for the low yield of 2-methoxy-5-acetylbenzaldehyde (No. 12). 
This aldehyde, the toxic principle of the leaves of Encelia farinosa, was synthetised by Gray and 
Bonner (J. Amer. Chem. Soc., 1948, 70, 1249) from p-methoxyacetophenone in four steps, using 
Stephen's aldehyde synthesis. Though the Sammelet reaction is unsatisfactory in this case, it 
still gives a much better overall yield from p-methoxyacetophenone than Gray and Bonner’s 
method 

The Sommelet reaction is not applicable to phenolic compounds unless the activity of the 
ring is reduced by electron-attracting substituents (Nos. 7, 8, 11), otherwise condensation with 
formaldehyde occurs. One chlorine does not reduce the activity sufficiently, since No. 9 was 
obtained in poor yield and with such a low m. p. that purification was not practicable; it was 
identified only as the semicarbazone. feo Gee car ty: 9 pagan npn pommtaneniene ama 
atoms (No. 10) = were 


good. That formation of the second aldehyde group is slower is indicated in the preparation of 
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by the isolation of a by-product which appears to be a polymeric Schiff's 
base of 


While this work was in progress, a paper was read by Wood, Tung, Perry, and Gibson to the 
September, 1949 (Atlantic City), meeting of the American Chemical Society. In this paper, 
which is available to us in abstract only, they report the preparation of eleven bishexaminium 
salts of which six yiekled dialdehydes. While waiting for the publication of their results we 
have suspended the work on dialdehydes. Their general conclusions agree with ours: 
o-dialdehydes were not obtained (ci. No. 14), and others only if at least one position adjacent to 
each aldehyde group was unsubstituted (cf. Part II, lec. cit.). 

No. 15, 2: 5-dimethoxyterephthalaidehyde, = remarkable for its intense yellow colour and 
strong fluorescence. The reason for its colour is similar to that for 2 : 5-dihydroxyterephthalic 
acid and its esters which were extensively studied by Hantzsch (Ber., 1915, 48, 797; 1917, 50, 
$1213). The colour would days be expl d by resonance 

We were unable to prepare diphenyl-2 : 2’-dialdehyde by the Sommelet reaction. The 
reason for this failure is not clear but it may be the same as in the case of o-dialdehydes, 
‘¢. interaction of the adjacent functions. We hope to investigate this problem later. 

Recently Hass and Bender (/. Amer. Chem. Soc., 1949, 71, 1767) described another method 
for the preparation of aldehydes from halogenomethy! compounds: the reaction with the sodium 
salt of 2-nitropropane. To compare the value of this method with the Sommelet reaction in 
the case of polysubstituted aldehydes it was tried for the preparation of Nos. 10, 11, and 12, but 
without success. 





EXPERIMENTAL. 
(M. p.s are corrected.) 

Preparation of Aldehydes — The hexaminium salts, or the halogenomethy! « ds and h 
im the amounts given in Table |, were boiled under reflux for the time indicated. Concentrated hydro. 
chieric acid (380 c.c. for cach mole of hexamine or hexaminium salt) was then added and boiling 
continued for another 5 minutes. If this acid treatment was omitted the aldehydes were sometimes 
contaminated by Schiff's bases) The reaction mixture was diluted with water and allowed to cool; the 
aldehydes crystallised out. Where a significant amount remained in solution it was recovered by 
solvent extraction as indicated in the table. It was not found necessary to purify any of the aldehydes 
by conversion into thea bisulphite compounds 

Preparation of Hexamumium Salts The chloromethyl compound (0-1 mole) and hexamine (15-5 g.) 
were boiled under reflux in chloroform (100 ¢.c.), and the ey salt filtered off after the solution 
had cooled. Times of boiling and yields are given for the salts prepared from the following chioro- 
methyl compoands I-chioromethylnaphthalene, | hour, 96%: 2 : 4-dinitrobenzyi chloride,* 5 bours, 
74%; 3-nitro-4-hydraxybenzy! chioride, 1 hour, 06%, yellow, m. p. 174°, 3-nitro-6-hydroxybenzy! 
chioride,* | hour, 95%, yellow, m. p. 193° (decomp 3-nitro-6-acetoxybenzy! chloride, 7 hours, 70°, 

ellow, m. p. 191-193" (decomp 3-chloro-4-hydroxybenzy! chioride, 2 hours, 105%, m. p. 140-141" 
this compound contained chloroform which could not be removed without decomposition); 3° 5-d:- 
chioro-t-hydroxybenzy! chioride, 3 hours, 93%. m. p. 174-—178" (decomp.); 5-chloromethylsalicy!- 
aldebyde,* 34 hours, 90%, yellow, m. p. 178-—182° (decomp.), 4-hydroxy-3-chlorometh ylbenzaldehyde, 
3 hours, 4%, m 154-185" (decomp.); 2-methoxy-5-acetylbency! chioride, 2 hours, 93%, m. p 
182° (decomp The salt marked by * were described by Jacobs and Heidelberger (Joc. cit.) but without 
giving yields 

f-Sulphamylbenzylbexaminium chloride was prepared in alcohol according to Angya! and Jenkin 
(loc. est.) 

Since the nitrobenrylhexaminium chlorides are somewhat souble in chloroform the yields were 
mmproved by removing, after 4 hours’ botling, half of the chioroform by distaliation and adding an equal 
volume of acetone. Yields obtained thus from the nitroberzyl chiorides were: o-, 50°; m-, 50°; 
p>, O1%.° Mayer and English (loc, cit.) reported 61% and 68% for the o- and p-derivative, nee tively 

Since the bishexamiaium salts decompose on being heated, they were prepared by adding the 
bishalogenomethy! compounds (0-1 mole) to a solution of hexamine (30 g.) in chloroform (330 c.c.)} and 
leaving its solution at room temperature for two days. The salts were thus obtained from p- —S 
dichloride, #%, m. p. 160-170" (decomp.); from o-xylylene dibromide, 71%; and from 2 : 5-di- 
methoxy-p-xylylene dichloride, 99%, m. p. 195-—197° (decomp 

The chieroform solutions of the two nitrohydroxybenzy! chlorides gave precipitates immediately on 
being mixed with a cold solution of hexamine in chloroform. These yellow precipitates were at first 
believed to be phenolic salts until tt was found that they contained the chlorine in tonic form and were 
identical with the salts formed on boiling the reactants for an hour. All the other chloromethyl 
compounds having a hydroxy-growp gave immediate precipitates with hexamune, some of which changed 
in appearance on being boiled; bat it was not ascertained whether they were phenolic or quaternary 
salts. The activating effect of the hydroxy-group is eliminated by acetylation since 3-nitro-6-acetoxy- 
benzy! chlorite reacts only slowly with hexamine 

Comparative Reaction Rates..(a) Step (i). Solutions of hexamine (1-4 g.) in chloroform (13 c.c.), 
warmed to 55°, were added to 001 mole each of benzyl, p-chicrobenzyl, and p-nitrobenzyl chlorides. 
After 30 minutes at 55", ice-cold nitric acid (60 c.c.. 6%) was added with shaking, and the aqueous layer 
was separated and aliquots titrated for ionic chloride. Yields of salt were: benzyl, 31:5; p-chloro- 
beazy!, 3); p-nitrobenzyl, 10% 
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When benzylamine hydrochloride reacted under the same conditions in 80% ethanol, the yield was 
6% Sane ees Caneeeernen Ee Bet Semen ae Sees Se Comparison 
ee ee eS ee eee 80% . 

Reaction of Benzaldehyde with Hexamine im Acetic Acid —-Benzaldehyde (20 g_), hexamine (23 ¢ ) 
glacial acetic acid (70 c.c.) were refluxed for 1 hour, the temperature of the mixture being 140°. 
of dilute hydrochloric acid and steam-distillation gave 6 Fb aye op Steam-distilla 
continued until all formaldehyde was removed A heavy oil (6 ¢.) pat = Beyn 
compound could be isolated. The expasostens Rael wie summarised, Cale aaaliey Se 
hydroxide, pg whem eng ng UB of the 
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The By-products of the Sommelet Reactions.— 
benzaldeh (No. 2, Table I) was freed from 
solution (180 ¢.c. ; 











malting. With phenylhydrazine it gave a yellow precipitate. 

Sie 6 eee Cine chloride was passed into a well-stirred mixture 
o-nitrophenol (100 g.), formaldehyde (167 c.c.; 40%), concentrated hydrochloric acid (760 c.c.), and 
concentrated sulphuric acid (10 c.c. ) at 90—100° for —, After cooling, the mixture was extracted 
with benzene ( c.c.), and the extract dried [Na,SO, 

started. Addition of anhydrous 
. 6889" (75 g., 56%). After crystallisation { ’ 
petrieum (250 c.c.) yellow needles were obtained (48 g.), m. p. 72-74". D.RP. 132,475 (Pri 

p. 142) reported m. p. 75° 

5-Chloromethylsalicylaldehyde.—Hydrogen chloride was passed into a well-stirred mixture 
salicylaidehyde (30 g.), formaldehyde (18-5 c.c.; hydroc' 
kept at 15—20° by external cooling, for 3 
dimalved in ether (250 c-<.), and the eclution dvied { 
solvent gave two successive solid fractions (14 g. each) ; 
hot light petroleum (500 c.c. which oil. 
obtained in colourless needles, ; D.R-P. 114,196 (Priedlander, ¢ p. ! 


3. on 

(total yield 43%). Heating shou 
of the product. 

4-H ydroxy-3-chlorometh we de. nae ¢ c 
Pe ybenzaldehyde (25 g.), frm de 
a for 3 hours. Bena cer digg be 
to it a solid after 2 hours . Cc " crystallisation _ 

the crude product, m. p. 1290—1 1° (18-9 g.; $o%). eae he aie c.c. 
(50 ¢.c.) giving a solid (12-3 g.), m. p. 136-—136°. ws gue, Se was crystallised 
chloroform ; it formed colourless needles, m. p. 138° rnd 20-9. COLA ree requires Cl, 20-8%) 

2-Methoxy-5-acetylbensyl Chloride male was passed into a well-stirred mixture of 


p-methoxyacetophenone (37 g.), bd and concentrated hydrochloric acid 
(150 c.c.) at 45° le = The colour the mixture changed to dark 





¢., 60%), m ‘=p 


C, 61-35; H, 5-9. Cat O18 require €- 00-5, Hoes). 

2 5-Dimethoxyterephthalaldehyde — oe content ae ive a 
of intense yellow colour (Found : bby aed H, & HGS. "CMO, requis VF ; HLS 
in water or alcohol are yellow wi! disappears 
e The dissto, m. p. 240 S005" to pale yellow (Perea: . 122. 


University oF Sypwey. (Received, February 9th, 1950.) 











2146 Craig: The Franck-Condon Principle and 


442. The Franck-Condon Principle and the Size of the Excited 
Benzene Molecule. 


By D. P. Cratsc. 


Ihe Franck-Condon principle applied to the ex tal intensity distribution in the 
2060 a. band system of benzene gives the value 0-037 a. for the increase in equilibriem C-C 
distance in the excited electronic state. This sees well with values deduced by Garforth 
lagold, and Poole (/., 1948, 508) from empir relations between force constant and bond 


calculation of changes in molecular dimensions by means of the Franck-Condon 
principle may be carried out in various simplified ways wo of these are examined. The 
assumption that CH groups are concentrated in mass points gives the value 0-036. If, in 
Adition, it is d that the force constants are unchanged in the excited state, a value 
0-035—0-036 a. is obtained. The last calculation demands no detailed information about the 
excited electronic state, and so may be applied to study changes in dimensions of more 
complcated molecules whose excited-state elastic constants are not known. 





Tue intensity of an electronic transition is distributed in the bands of its band system in a 
definite way Apart from a small dependence on the change in elastic constants, the intensity 
distribution is governed predominantly by the change in molecular dimensions in the two 
electronic states, and thus by the Franck-Condon principle. Given the change in the 
dimensions, and the elastic constants for the two combining states, the Franck—Condon principle 
allows the intensity distribution to be calculated. In diatomic molecules this was first done by 
Hutchisson (Physical Rev, 1930, 36, 410), who compared values for molecular hydrogen with 
experiment and got fair agreement in view of the difficulties of the experimental measurement 
In Hutchisson's case of hydrogen, and rather generally with diatomic molecules, the dimensions 
of the combining states can be derived with great precision from the rotational! structure of the 
bands, so that there is no need to rely upon the Franck-Condon principle and upon difficult 
measurements of intensities. In polyatomic molecules, however, the situation is reversed 
Here the rotational structure is usually not resolved, whereas the intensities of absorption can 
be measured, especially in solution, with fair accuracy, Thus the Franck—Condon principle in 
polyatomic molecules has a réle that it does not have in diatomic ones. Given the intensity 
distribution in a band system and the elastic constants for the combining states, it allows a 
non-empuirical estimate to be made of the change in molecular dimensions 

Herzberg and Teller (Z. physihal. Chem., 1933, B, 21, 410) first showed how the Franck 
Condon principle was to be applied in polyatomic molecules. A change in molecular dimensions 
may be expressed as a change in the origins of some or all of the normal co-ordinates for nuclear 
vibrations. Those vibrations whose origins are so diplaced in an electronic transition appear 
in the spectrum in progressions. Every such vibration behaves as if it belonged to a diatomic 
molecule whose internuclear separation changed in an electronic transition. On the other 
hand, vibrations whose origins are not displaced behave as if they belonged to a diatomic 
molecule in which only the force constant, and not the equilibrium internuclear separation, 
changed in the transition; such vibrations appear strongly only in zero-quantum changes 
©. 0, 1~1, ete., and much more weakly in two-quantum changes 

The simplest situation exists when the polyatomic molecule, upon excitation, retains all its 
elements of symmetry. This is the case if it undergoes a symmetrical expansion or contraction, 
and the spectrum then shows progressions in the totally symmetrical vibrations alone. The 
2600 a. band system of benzene is of this simple type, and the initial and the final state for one 
band may accordingly be written 


PAs) ~ HAs be Ay)be(E;) | 
T(B,) = % By), (4,,)¢,' E})? 


where ¥ stands for a vidrational-electronic wave function, ¢ is a pure electronic wave function, 
and ¢,, ¢, are #th quantum state harmonic oscillator * wave functions in the A, and B,, 
electronic states respectively. The 4,, vibration is the totally symmetrical one, whose quantum 
umber changes along the progressions; while the E> vibration is one which occurs with one 


(}) 


* Judged from the very slow convergence of successive 4, vibrational levels (Garforth and Ingold, 


/., 1948, 417) the assumption of harmonic forces is justified, in further contrast to diatomic molecules 
The matter is examined in an Appendix 
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quantum in the upper state of all the stronger bands of the absorption spectrum, as is noted 
below. The further but unspecified vibrational wave functions in (1) are to be the same in 
both states. We discuss the relation between the intensity of absorption associated with 
particular values of the quantum number # of (1) and the change in ring size between the two 
electronic states. A comparison with the experimental intensity distribution will then give a 
value for the size of the benzene ring in the B,, state. 

No transitions occur between the wave functions (1) unless, as the most likely possibility, 
the upper state becomes mixed with the E> electronic state. E} vibrations may effect the 
necessary perturbation as follows : 


#°(B,)¢, (EF) = o(Bg)d, (EB) + WIESA (ES). - (2) 


é* depends on the nuclear motion as expressed in (2), whereas the unstarred electronic wave 
functions do not. 8 is a small mixing coefficient, and when ¢*(B,,) is used instead of 4(B,,) in 
(1) the transition moment D, is : 


Dy = [belie (A rg) d rome. - 8f4( Arg) LOT (ED) Are. 
m hifblAbe Attn + - 2 2 s+ se se we ee &@ 


since the second factor is a constant for the whole band system. The intensity of absorption is 
proportional to (D,)*. The relative intensity distribution in a band system is governed by the 
expression 


1, = Rel valv—)*[ fbel4d.'(A,,)ae]" . :, (4) 


where v, stands for the frequency of a transition ending at the sth quantum state of the 4,, 
vibration and A, includes the numerical constants. It is the case that the small Boltzmann 
factor for the ground-state A,, 992 cm.~' frequency allows attention to be confined to those 
transitions starting from the zero-quantum state of that vibration. This was implied in (1) 

If no change in ring size occurs on excitation, ¢, and ¢,’ are oscillator wave functions about 
the same point as origin, and only the integral for » — 0 is important (i¢., only the 0-0 band 
appears strongly). If there is a change in ring size ¢, and ¢,’ refer to different origins and they 
overlap over a range of m, the spectral intensity associated with any one # value being given by 
(4). This is of course simply the expression of the Franck~Condon principle given by Condon 
(Physical Rev., 1928, 32, 858) and for polyatomic molecules by Herzberg and Teller (loc. cit.) 
The basic integrals in (4) were worked out by Hutchisson (Joc. cit.) in forms specially convenient 
for diatomic molecules and they may be adapted to this case. A simple closed expression, 
however, becomes applicable when one of the oscillators is always in its lowest state and this 
will be given. 

The mechanics of the low-frequency totally symmetrical vibration of benzene are that the 
carbon atoms and their attached hydrogen atoms move in phase and with roughly equal 
amplitudes. It is therefore a very good approximation to this mode of vibration to treat each 
CH group as a single mass point. The alternative, and superior, calculation is to allow for 
internal motion in the CH group by working with appropriate normal co-ordinates. The 
results of these two methods are to be compared, but the detail of the second calculation is 
reserved for the Appendix. The first and simpler calculation is surprisingly accurate and is 
alone likely to be manageable for larger molecules. In both cases a further simplification is to 
suppose the elastic constants to be the same in the upper as in the lower state. As will be 
shown, even this apparently drastic step introduces only a small error into the result 

The system being supposed to be six CH “ atoms " in a regular hexagon, a uniform expansion 
by a radial distance ¢/4/6 moves the origin for the A,, normal co-ordinate by g. We consider 
therefore two harmonic oscillators whose origins are g apart. These are distinguished by 
subscripts | and 2. Oscillator 1 is to be in its zeroth state (i.¢., it is to be the ground electronic 
state A,, vibration) whereas 2 is to be excited to its mth quantum state. 


tive = (,/ 2 ea 


$.(VEe%) = (/ $m) satv/borverter'a 
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2a 
The expression § =  Vmk and the H, are Hermite polynomials. The overlap integral 
between these two functions, which appears in (3) and (4), may be shown to be ; 


Solves Vbenids = tiene oon 5 (¥ So) law mat =} . © 


In (6) 9 = §,/8, and the S, are the elementary overlap integrals between oscillator wave 
functions about 4 common origin. These integrals vanish for odd values of r, and for even 


values are given by 
om Lael 
S- sme) (ie) 


Por 9 = 1,5 — | and all others vanish. The values needed for benzene, in which p = v,/¥, = 
1075, are: Sep ~ 09007, S,, = 00255, S., = 705 x 10+. 

A constant multiplier being excluded, (6) together with values of (7) directly give the 
quantity D, in terms of 6, p, and ¢g. Used in (4), they give the relative intensity distribution, 
in terms of the same quantities, between bands of different ». Table I gives sets of relative /, 
values for a number of values of g¢. The approximation is that of CH mass points and the 
constants that enter are the frequencies v, « 992 cm.~', v, = 923 cm.-', and the isotopic masses 
C = 12, H = 1008 

Taste I. 
Calculated relative intensity distributions. 


00351 00359. 7 00375 
i i 
145 1-52 
ow 109 
04s om 
O18 0-16 


Experimentally, the gross features of the intensity distribution are that bands = | and 
= « 2 are stronger than nm = 0, the former (mn = 1) being considerably stronger and the latter 
(mn = 2) stronger by a small margin. Later bands fall rapidly in intensity. This is enough, 
with use of Table I, to fix the change in equilibrium C-C separation between 00351 a. and 
00376. These gross features are apparent in spectra taken in solution, as for example those of 
Mayneord and Roe (Proc. Roy. Soe., 1935, A, 152, 200). A closer study of the spectra is 
necessary for precise values of the intensity distribution 

The experimental intensities in most polyatomie molecules must be taken from solution 
spectra alone, but in benzene the exhaustive analysis and assignments in the vapour spectrum 
by Garforth, Ingold, and Poole (J., 1948, 406) allow a most valuable check. Indeed, the 
intensities in the vapour spectrum are to be preferred where an analysis has been made. 
Broadly, in the vapour spectrum, the intensities of individual bands in a progression may be 
compared, whereas in solution only the summed intensities of a large number of such members 
of progressions are available in broad band groups. The former comparison is in principle the 
better, but is much hampered by the widespread occurrence of intensity transfers between 
bands by Fermi resonance. Garforth and Ingold (loc. cit., p. 421) have examined a striking 
case of this and elsewhere brought to light many definite examples. In general, a strong band 
loses @ part of its proper (harmonic approximation) intensity to weaker bands which fall near 
to it in frequency. Neither the strong nor the weak bands in these alliances furnish material 
for the comparison of intensities in progressions, because each member of a progression is 
affected by the proximity of other bands, and by amounts which vary in a very irregular way. 
Two bands however may perturb one another in this way only if their final states have the 
same symmetry properties. There is in the assignments of Garforth, Ingold, and Poole (/oc. 
ev.) a single long progression which, upon these grounds, is likely to be free from intensity 
disturbances. All except this one have final states whose vibrational symmetry includes one 
or all of A,,, Ay, and E} representations. None of these is useful for the present purpose. The 
unique progression is denoted by Ingold as the M progression and its transitions start and end 
at states having one quantum of the E> vibration. The members are given by : 


v= 38000 + Ey’ + (B>’ — E>) + p’ 923 cm. (p’ = 0, 1, 2, 3, 4). 
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The final states of this progression belong to B,,, B,,, and 
with more than two members whose final states match 


higher frequencies. 
records transitions ending at dissociating molecules. o> Ne Se SO. Caner a 
belonging to the band system as a whole but has no reference to particular 

vibrational quantum numbers. To make the comparison of intensities, therefore, this 
continuous absorption would have in some way to be subtracted and the remainder analysed. 
Instead, the solution spectrum values given in Table II are based on the maximum values of 
extinction coefhcients in the distinct band groups in the solution spectrum. These measure 


addition to each maximum, and it might fairly safely be corrected for. 
in the first few maxima and no correction has in fact been made to the figures given in Table LI. 
These have been obtained from the spectrum in alcohol solution given by Mayneord and Roe 
(loc. cit.). 

Tasie LL. 


Experimental velative intensity distributions. 


Vapour m Solution 
(Radle and k, loc. cit.) (Mayneord 


0-17 


* A new experimental study by Mr. 1. G. Ross using a Cary Recording Spectrophotometer gives 
the values: 1, 1-48, 1-18,0-60. The differences between these figures and those quoted in the table 
are not significant in the subsequent comparison with Table I 


The best agreements between the experimental values and the calculated ones of Table I 
are for ¢/+/6 not less than 00359 a. and not greater than 0°0367 a. Thus in the approximation 
of CH mass points the increase in the C-C distance in the B,, electronic state is 0-036 a. 

When, in the more precise calculations already referred to, account is taken of relative 
motion within each C~H unit the increase in C-C distance is found to be 0°037 4., and this 
should be correct to 00014. The calculation is outlined in the Appendix. Here the C and 
H atoms are allowed to have different motions and the calculation involves two unknown 
quantities, instead of one as formerly. These are the increase in the C~C distance as before, 
and the change in the C-H distance. Previously the C-H distance was, in effect, taken as 
unchanged. Now, however, a value must be assigned to it in order to calculate the change in 
C-C distance. If the change is taken to be zero, then the refined calculation gives the same 
result, to within 1%, as the simple one did. The procedure we have adopted is to use a value 
for the change in C~H bond length deduced by Garforth, Ingold, and Poole (/., 1948, 608) by 
applying Badger’s rule to the observed force constants. This gives a shortening of the C-H 
bond length by 001 a. in the B,, state. With this the Franck—Condon calculation gives the 
value 0°037 a. for the increase in C-C distance. It will be noticed that the change in calculated 
C-C distance due to a C-H change of OO1A. is 0-001a.; thus the incorporation of this 
empirical quantity in the working does not have a critical effect on the accuracy of the result. 

The final variation in method is that of supposing the elastic constants in the two electronic 
states to be the same. Practically, this means that the calculation can be made without any 
detailed information about the excited state. The starting point is a knowledge of the elastic 
constants of the ground state, together with the experimental intensity distribution in the 
spectrum. In benzene the experimental results are now fitted about equally well by values of 
the C-C. increase of 0°0355 a. and 003594. From this simplest model therefore the result is 
between 0°035 a. and 0-036. It is striking how closely this agrees with the more precise 
calculations. In more complicated molecules this last method, on its present showing, may be 
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used with some confidence. The largest single correction to it is likely to be that for the change 
in equilibrium C~H distance. 

Finally, Table LII displays values for the increase in C-C distance upon excitation to the 
B,, *tate from three different sources. The first is a theoretical value obtained by Kynch and 


Taste IIL. 
ne i «age connate peer tid OS Bair 


Theoretical calculation (Kynch and Penney) . ; a» 06a 

Hadger's rule (Garforth, Ingold, and Poole) ...... (0-0375 4.) * 2-7% 
Douglas Clark's rule (Garforth, Ingold, and Poole) scccsecquuscessescess [GEE &)° 865, 
Fraack—Condon principle . ceveteeerecceee @0B7 4 

Franck: Condon principle with CH groups as single mass pounts crvecceee O0364 

Same, with elastic constants unaltered in the upper state ........................ 0035-00364 


* Worked out from the published percentages by using 1-39 a. for ‘the ground state C-C distance 


Penney (Proc. Roy. Soc., 1941, A, 179, 266) in the electron-pair approximation. The second 
and third are due to Garforth, Ingold, and Poole (/., 1948, 508) and are based upon empirical 
relations between force constants and bond lengths. The remainder are Franck-—Condon 
values. The value in heavy type is recommended. The agreement throughout these 

t estimates, and especially between those based immediately upon elastic constants 
and spectral intensities, is satisfactory. 


Arrerprx |. 

The Inclusion of Internal C-H Motion.—The force constants given by Garforth, Ingold, 
and Poole (Joc. ei4., p. 401) being used, the following are the normal co-ordinates for the motion 
of a single CH group 

Ground electronic state 

E, = 09503 po + OB1M py 
£, =~ OBIE po — 09503 py 

Excited state 

E,’ = 09525 po + 03046 py } 
E,’ = 03046 po — 09525 py / 
The ?'s are mass-reduced co-ordinates and the s's displacements : 
Po = V12/1-008 x, 
Pu 70 


The first co-ordinate in each of (8) and (9) is that for the desired low-frequency motion, and 
when the system is oscillating in this mode §,(£,’) = 0. Thus in the ground state 


ODIIE fe — 09503 Py and E, = 10523 Pp, = 13°1825 x, 
and in the excited state |€,° — 10499 po = 13°1225 *, 


It will be noticed, in passing, that the hydrogens are displaced about 1-1 times as far as}the 
carbons, and in the same phase, in this mode. The relations (10) show that the motion of,the 
carbon atoms in the actual system is equivalent to the oscillations of mass points of masses 
13°1825 and 13°1225, respectively. This enables the work to be linked with that given in the 
text. The oscillator constants 6 in the two states are 3-008 x 10” (ground) and 3608 x 10% 
(excited); p «~ 10834. Values for the S, and of intensity distributions for chosen values of ¢ 
may be found from these. g now refers directly only to the separation between the origins of 
norma! co-ordinates and not to the actual displacements of the carbon atoms. Table IV gives 
a few such calculated intensity distributions. 


(10) 


Taste IV. 
0-087 
I 1 
i 1-51 
J Los 
Pf 0-49 
I 16 


Here 0-087 a and 0088 a. fit the experimental c.stributions about equally well. 
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If d is the increase in the C~C distance and f the shortening of the C~H bond, then, a term 
which is very small for small / being neglected, it may be shown that the relation between ¢ and 


these quantities is : 
q & VE(0- 00d — 0-084/) 
Use of this expression gives d = 0°037 a. for f = O01 a. 


Apprenptx 2. 


Anharmonicity in the Vibrations.—I{ the potential field for the 4 were strongly 
anharmonic, the working would become really very complicated. ‘ies tereecs bo ae 
molecules such as H, (Hutchisson, loc. cis.) but is not expected so much in polyatomic molecules. 
It may be neglected altogether in benzene for reasons now to be given. 

Suppose the potential function to contain a cubic and a quartic term as the principal 
anharmonicities : 

Vix) = jha* + as* + bat 


The quartic term has a first-order effect upon the energy levels and we may set an upper limit 
to it by assuming that it causes the whole of the observed convergence. The anharmonic 
correction to the seventh quantum state of the A,, vibration is 7 cm.~* (Garforth and Ingold, 
J., 1948, 417) and by first-order perturbation theory this leads to b/6* = 164 x 10°" dynes cm.~. 
The fourth-power term causes intensity transfers between a band of a progression and the 
second and fourth bands on either side of it. The correction to the intensity of a band for 
n = 2, for example, is easily found by first-order perturbation theory to be in the order 10~* for 
the value of b/§* given. Evidently the fourth-power term is 

The cubic term has no first-order effect upon the energy levels but only a second-order one 
It is possible to form an upper estimate of the cubic term (an improbably high upper estimate) by 
supposing the whole of the observed convergence to be due to its second-order effect upon the 
energy levels. Where there is no first-order term, the second order correction to the energy of 
the sth state is a sum of contributions from all states joined to it by matrix components of the 


= goal HAIMA, ae 


Four matrix components exist, joining the nth state to states» + l anda +3. The higher 
frequency states depress, and the lower raise, the perturbed state, with the former predominating 
Again, by use of the fact that the seventh quantum level is depressed by 7 cm.~* the relations 
given above lead to a/8** = 1:1 x 10° dynescm.*, The magnitude of the intensity transfer 
due to this may now be calculated. The largest matrix component joins the mth to the (wn + 1)th 
state. The coefficient of the (nm + 1)th wave function in the perturbed sth is : 


/e°" x 3/(24/2) x (n + 1)" ; 
— site) iow O64 x 10% + 1)" 





For » = 2, which is important in the interpretation of the experimental intensities, the 
coefficient is about 3°3 x 10*. The fraction of the intensity transferred is the square of this, 
and so it may be said that 0°1% is an upper limit to the intensity transfers by anharmonicity in 
the bands whose intensities are critical. For » = 5 the transfer approaches only 1%, which is 
still negligibly small. The anharmonicity of the 4,, potential may therefore be altogether 
neglected. 


My thanks are due to Dr. Edward Teller and to Professor C. K. Ingold, F.R.S., for discussions about 
this subject. The work has been carried out during tenure of a Turner and Newall Research Fellowship 
in the University of London. 


Tus Ser Writtam Ramsay anv Ratrn Forster Lasoraronies, 
University Cottece, Lowpon. (Received, May 1st, 1950 | 
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443. Thermodynamic Factors in Stereo-specific Processes. The Trans- 
formation of Diasterevisomers of Brucine 2'-(2-Hydroxy-2-propyl)- 
diphenyl-2-carborylic Acid. 

By H. Kacezr and A. R. Unsztonps. 


Experiments have been made to assess the thermodynamic stereo- 
cudllcalien cb avdee ten taedeedandtiaaeanes to Fischer’ i 


analogy. 
sae hensive exe of (—)O-piedeey 2-carboxylic acid was prepared 
and dissolved in chloroform. Pa os rm aay Meme ee od orp 
SS ES SEES Wan METIS quae Te Caengenttane cenge 1S—25". 

Wer the scgstion, Cepsinnt+)-00e yee Weeninn-{—)-cold, the Mostien wwe cubetantinlly 
unimolecular, with 4, «— 332 « ee ee), ap = 2-65 x 10" exp (—23,200/RT), 
AH °sseero, and AS°0-43 entropy unit per mole 


These results are discussed in relation to other data. Satetet-tars 
in “Gt” oe 52) ae i * keys” 


Siwce the original discovery by Pasteur of differences of solubility between (+)-(+) and 
(+)}-(—) salts, a variety of physicochemical processes have been reported which are stereo- 
specific. All such processes involve an asymmetric “ director” and an “ acceptor system.” 
They include processes variously described as partial asymmetric synthesis, asymmetric induc- 
tion, mutarotation, asymmetric transformation of the first and second order, resolution by 
crystallisation or by adsorption, epimerisation, partia! racemisation, and enzyme reactivity. 
The biological significance of stereo-specific reactions was described, in the case of enzymes, by 
Emil Pischer’s “ lock-key analogy. With simpler systems the “locks” distinguish less 
ah li tr Alar ip Pgs 5 0m but the physical chemistry is 
more amenable to exact measurement. 

The object of the experiments described in this paper was to investigate a system where the 
stereo-specific process is fairly simple and measurements of kinetics and equilibria would permit 
an assessment of the relative importance of energy and entropy factors 

The choice of the system to give accurate values of AF*, AH*, AS*, 4.,* and 4,* was governed 
by the need for reliable purity, simple kinetics, and accurate measurements of concentration 
changes 

Bracine 2’-(2-hydroxy-2-propyl)dipheny!-2-carboxylic acid (Corbellini and Angeletti, Atti R. 
Accad. Lincei, 1932, 15, 968; Jamison and Turner, J., 1942, 437) appeared to satisfy these 
conditions. Certain disadvantages attaching to this compound became evident as the work 
proceeded (cf. Experimental section) and were responsible for the fact that the values of the 
kinetic parameters & and E could be determined with substantially higher accuracy than the 
thermodynamic parameters AF’, AH”®, and AS”. 

The genera! procedure was to prepare the brucine (—)-salt by asymmetric transformation of 
the second order, by evaporating a chloroform solution containing equimolecular quantities of 
brucine and the (4 )-mixture of acids. This salt was then made up to volume in chloroform 
solution and transferred to a micro-polarimeter, a jacketed thermostat being used. Polari- 
metric determinations of the molecular rotation were made at intervals, with filtered mono- 
chromatic radiation with the green 5461 and the yellow 5893 line from mercury and sodium 
lamps. These measurements gave values of reaction rates. By using additional data on the 
brucine —(+)-acid mixture, equilibrium constants could be evaluated at a range of temperatures. 


EXPERIMENTAL. 


Polartmetric M casurements.— The micr meter tube used has been described elsewhere (Kacser 
and Ubbelohde, /. Soe. Chem. Jnd., 1049, 135). Water pumped from a thermostat maintained the 
tube at 11-8°, 21-3", 20-1", 35-4" and 43-1°, normally within + 0-05", and within +0-2° at the lowest 
temperature. Temperatures lower than 11-8" were used in a limited range of experiments, but 
very slow mutarotation. With temperatures substantially higher than 43-1° the rate was consider 
fast to give readings of sufficient accuracy 


Preparation of Materials.—.Bracime. The highly specific nature of asymmetric reactions made it 
essential to have onty one molecular species present as “ director.” For this perpose pure brucine was 





° The eudines i and D refer to the (—)- and (+)-substances and have not the specific ¢ significa ance now 
attaching to these smal! capita! letters in other aspects of stereochemistry. 
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Feepeaee co Gated daovsten. It had m. p. 172°, [e)fle, —149-5" and (a]f, — 120-5" (cm 1 g. in 
mi. of pure dry chloroform). 
bx 


at high 
The brucine (—)-salt was prepared as described previously. 
Reaction Kinetics. —Each isothermal mutarotation'’was observed according to the following procedure. 


Approx. 0-18 g. of the salt was 
teens and undp 


The m. p. (136-6—137°) was rather sensitive to the rate of heating as the crystals lost water when kept 
temperatures. 


previously described 


Fw. 1. 
Change of rotation of brucine (—)-salt in chloroform solution af 36-4° 


a 


Rotation, a 





0 é 
0 ” 20 30 
Hours 


Upper curve, A 5461 a. ; lower curve, A = 5893 a. 


The course of the observations may be illustrated by . 1 which gives the results at 36-4". Values 
lc ae tt ae rE hs tne Carolan ally ens he einen. 


For the unimolecular change 





a 
brucine (—)-salt == brucine ae > eS Ne Oe ee ee 


bm hy + hy = Fin [lay — eg)/le — 40) 


where a,, a, and a, are the molecular rotations at times 0, ¢ and at equilibrium 
Seeten wees OF SITES Saltanes Wnenen ny eer ney en eene women ey ty Ae Age HENS 
reaction was of the order. ; 
A set of A values is given below, as illustration (this corresponds with the plot Fig. 1) : 
a, = 200; a, = 0-09; 6 — 36-4; A = 6461. 

t, hours. &, hours™* ; > * 
0-37 0-083 0-083 
O48 0-075 : 0-082 
0-65 0-065 . 37 0-083 
0-87 0-072 . 0-083 
107 0-068 0-081 

0-074 


In calculating rate constants it is however preferable to avoid using the molecular rotations a, and a, 
which can only be determined by extrapolation and to certain systematic as well as random 
errors. The procedure by Guggenheim (Phil. Mag., 
of readings a, any 
nGules — Sas) conus Gene 
calculating lines of closest 
the direct observations. 


os oart (—)-salt and {ag} 
$0 es of tae) ta Table Tl wore 
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Taste I. 
Velocity Comstants. 
wk & 10 hours, 





= 
1-60,4+0-010 
3-73,+@110 
7-00, +0-109 t 
22-18, +0206 21-66,+0-119 


The values given in Table | record random deviations from the unimolecular constants as calculated 
theory 


(op. et., p. 43; also 
discrimination, etc. 


ndicapes partic 
micro-polarimeter tube (Kacser and U lohde, loc. cst.). 


Generally there was a greater scatter in individual! readings with A — 5893 than with A — 5461, the 
spread being sometimes three times as large. In spite of the less reliable results obtained with A — 5893, 
it is considered of interest to record the values, the choice of the best wave-length to obtain 
accuracy in optical work calls for special emphasis. Since furthermore the plot of log 4 against 1/7 did 
ee ee ee ee Oe ee ee ee teen. 
used to determine the activation energy by graphical computation (Pig. 2). gave E = 23-2 + 
© @kcals. /g.-mole with the equation 

A (sec.“*) = 5-07 x 10% exp (—23,200/RT) (2) 

The single result obtained for the present system by Jamison and Turner (loc. cit.) is shown in Fig. 2 

and is in good agreement. 


Values of A’ calculated by this equation are inserted in Table I above for comparison. 


Tasie Il. 
Extrapolated values of specific rotations. 
Concn., mg./ml A } 
35%, 
35-8 


5, 


359 


* Interpolated values trom separate sets of determinations, see below. 


The relative amounts of brucine (+)-salt and brucine (—)-salt at equilibrium in equation (1) can be 
readily calculated if values are also available for the rotation of the pure brucine (+)-salt. Experiments 
to determine these auxiliary data were made by mixing solutions of brucine in chloroform with the 
appropriate solutions of the (+ )-acid mixture and evaluating 


ep) = d((en) + (ex) pe (3) 
from which and from the values of a, the values of (ap) could be determined. 


Various practical difficulties prevented any very accurate evaluation of the equilibrium constants by 
this means. These included 


(i) The high temperature coefficient of rotation 


(li) Uncertainties in the value [ap,), which has to be determined from the change an, ——> a, by 
extrapolating to? = 0. 

(tii) Abnormal rotation—time curves for the brucine (+)-mixture, which show a small but definite 
maximum on the carly part of the curve (Figs. 34 and 30). is indicates that the kinetics of the change 
brucine (+)-mixture == equilibrium mixture . - « & 
are aot straightforward. 


From the sumerical calculations, the results of which are quoted above, and from the fact that the 
(~)-salt coukl be obtained pure by crystallisation, it is concluded that the kinetics of the change 
(~)-aalt === equilibrium are of the first order. There is no evidence of any complications. The 
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kinetics of the -ealt quite oquiliicinm ase euperimentalty mech lew easy to cstabitith. 
Written out in Setnle, ths poneees unde hametiion ts 


at hae toe ae (+)-Acid + Brucine 
(solid) (solid ( (solution) 
@® 
@) 
Equilbrium solution == Brucine (+)-salt solution 
kinetic parameters required can be ascertained from such a system if Bey a mg 
bstantially to 100%. Further Aoher dificalties such oo beaten faseapiien or hiencioodie eaker 


which can aries tm pasaliel with stops (1) and (f) are abant when the onasting maamrtal bo the coveneiioe 
(—)-ealt. For these reasons no use of the observations on this reaction sequence is made in the kinetic 


\ Temperature c 


ot ficient 
x of reaction velocity. 
Fis. 3. 


\ 


Change of a + )-sali om chloroform 
solution at 20-1*. 


10") (hours™*). 


Ss 


+ 
~ 
—— 





logs. (k . 








3-28 
10°/T 


From the logarithmic (Guggenheim) plot it is however evident (Fig. 34) that the course of the reaction 
Rn hai ane ny iate temperature. 
The value of [ep,) was therefore obtained by extrapolating y curve 5&5" back tof = 0. 


In order to obtain no} vaiea at ober tmpersaren cone with tla etrapelaied vue, the 
jacket tem ture of the polarimeter was changed abruptly in special e the steady rate 
of change been reached. From ———— eee (eps) Was assessed as 
in Table II. Allowance was made for the thermal! expansion of the solution. 


From these values, average equilibrium constants 
Ky = (louly — Comlg)/(Comly — (exlp — 2lenaly) 
and standard free energy changes for reaction (1) have been calculated as in Table III. 
Tasie III. 
Equilibrium constants. 
29 


1° 
24, 
22, 
23, 
s 


1 
1 
Mean pooenesoanees “ 1 
AF”, cals. g./mole ....... , - - ~1st 
In view of the experimental errors it seems safest to note the fact that the above values of AF* imply 
that AH”* must obviously be very small, and to take the mean value of K over the temperature range ; 
K = 1-245 + 0-025 

AF* = —133 cL 18 cals./g.-mol. 

AH” = zero 
whence AS* S 0-43 cals./g.-mole/degree. The combination of these values with that for A = Ay + Ap 


ives 
. hy = 3-32 x 10" exp (—23,200/R7) 
hyp = 2-65 « 10" exp (—23,200/R7) 
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Discussion. 

Comparison of Kinetic Results with Cognate Data.—No data are available for comparison, 
which cover quite the same range of information. By recalculation of certain published velocity 
constants partial comparisons 


can be grouped as follows : 
(a) Rate constants for the mutarotation of diastereoisomers. 


f% 
Ly J 
O.4 CO,H, Cinchouidine 
§ Be, 


Bic 


Li and Adams, /. Amer. Chem. Soc., 1935, 
87. 1565; vent, chloroform 
CO,H, Brucine 
Ro Me 
R ~ Et 
RK = Pre 


Patterson and Adams, /. Amer. Chem 
See., 1935, 67, 762; solvent, ethanol 


This paper; solvent, chloroform 
Me "Me 


CO,H, Bracine 


For (1), A(sec.*) = 31 x 10" exp (—21,200/R7) but the experimental accuracy is not 
stated. For (II)-—(V), values of & are available only at one temperature and are compared with 
our results in Table IV 


Taste IV 
Velocity constants, A = A, + hy 


Compound Temp & = 10°, hours. 


(tt) 24-25" 

(Itt) 24-25 

(rv) 2425 

(b) Comparison of values of A and E. No values for diastereoisomeric species of diphenyl 

derivatives appear to have been previously determined. Data are however available for a 
number of dipheny! compounds liberated from their resolving agents, as shown in Table V. 


Kistiakowsky aad Smith, /. Amer. Chem. Soc., 1936, 
58, 1043 


(VIII) 


Kubo and Albrecht, Annalen, 1927, 465, 272. 
Ni » ,H 


A ,H 


»—NO, 


Kuba and Albrecht, Annalen, 1927, 458, 221. 
NO, CO, 
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Tastz V. 
A x W®, E, keals./g.-mole. 


4 The authors state they cannot discriminate between a difference in A and a difference in E on 
changing from solution to gas. * Free acids. 


So far as the values of E are concerned, it will be apparent that the compound now investig- 
ated encounters obstacles to inversion which are overcome by much the same activation energy 
as in other diphenyl compounds with only three substituents in the ortho-positions to the 
internuclear link. This is significant in suggesting that the additional brucine molecule in our 
compound does not obstruct rotation about the internuclear link to any great extent. Jamison 
and Turner (1942, Joc. cit.) similarly report that the racemisation rate of the liberated acid is of 
the same order as the transformation rate of the brucine salt. 

The value of A for our stereo-specific reaction falls below the value “ normal” for 
unimolecular reactions (10%—10%). Values of A = 10" for this type of compound have been 
attributed by Kistiakowsky and Smith (J. Amer. Chem. Soc., 1036, 58, 1043) to reaction 
processes involving the rotation of ‘ heavy groups.” A rather more detailed interpretation can 
be given of the low probability factor. Since the reaction is of the first order, the rate of 
transformation is independent of the number of collisions. The following processes could have 
a large numerical effect on the time lag between activation and transformation. 

(i) An appropriate fraction of the collision energy must flow to the phenyl-pheny! 
internuclear bond to become available as rotational energy. 

(ii) The four obstacle groups in the ortho-positions may assume (by vibration) locations such 
as to minimise the van der Waals repulsions between the two pairs. 

(iil) A considerable electronic reorganisation must take place, owing to the change in 
resonance energy whilst the internuclear rotation occurs. 

With the large number of degrees of freedom present in complex molecules of this type, the 
probability of these conditions being satisfied simultaneously is small. Deactivation frequently 
occurs before the transformation can take 

Writing p, o, s for the phase factor, orientation factor, and steric factor respectively, 
Hinshelwood and Winkler (J., 1936, 371) suggest upper limits P — p x o x s = 10° x 
10* x 10° = 10° so that the present value P — 10*—10* lies well within the range to be 
expected on the above interpretation 

Thermodynamic Factors in Stereo-specifie Reactions.—-(a) The equilibrium constant. In a 
number of equilibria between diastereoisomers values of K range between | (i.4,, no stereo- 
specific effect) and about 2. It is convenient to represent all the K values as greater than unity 
even when the authors represent the inverse ratio, since it is arbitrary which diastereoisomer is 
selected as product in a reversible reaction. Such values are shown in Table VI. 


Tassie VI. 
Thermodynamic factors in stereo-specific equilibria 


: oreewwen-F 


thyt ( —)-menthy! (+)-pheny!bromoacetate, 
; (XM) (- \-bormyl (+ )-phonyichlovoncstate. 


In spite of the inherent uncertainties arising from rotational analysis, the values of K do not 
lie very far from unity. 
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This limitation in the range of K may to some extent be determined by the fact that only 
systems with K not very different from unity are convenient for experimental study. But 
owing to the logarithmic form of the relationship RT In K = AF” it is clear that at least for the 
cases of stereo-specific action so far studied the free energy differences are smal] and do not 
exceed nRT where » is a small number. 

(b) Values of AH®. The information about AH” is even more limited at present. Apart 
from the value now obtained, only certain sugars have been studied. Kendrew and Moelwyn- 
Hughes (Joc. cif.) consider that in two cases the uncertainties arising from the temperature 
coefficient of molecular rotations do not exclude AH* 0. AH” is in any case of the same order 
as RT. 

(c) Values of SS*. The values of AS” listed for the sugars are of the same order as that 

It appears reasonable that the orientation of one part of a 


of the dipheny! derivative in our present investigation, a. by “ blocking 
out “ more of the phase space available for one diastereoisomer than for the 


Tentative Interpretation of the Lock and Key Mechanism.—Though many <n Ee 
reactions are clearly required before the lock—key mechanism can be elucidated 
fully, especially for cases of biological importance, the order of magnitude of the thermodynamic 
factors so far observed is significant. Any energy differences between diastereoisomers may 
quite generally prove to be not large compared with RT. This would in any case be expected 
from the type of physicochemical interactions which are responsible for the energy differences. 
Normally these arise only from attractions and repulsions between chemically saturated atoms. 
This can give entropy diff between diastereoisomers an important and sometimes a 
predominating part in controlling stereo-specific . It is not difficult to see how, even 
compa) areas arrny mandy ~madeep anspor iy since the potential energy curves 
for the two diasterecisomers, as different parts of the structure undergo relative movement, 
can have practically the same minima but very different shapes at somewhat higher energies, 
owing to the configurational difference. This would mean that the phase space effectively 
occupied by the two diastereoisomers may be very different, at any rate at ordinary temperatures. 
On this basis the “ lock—key “ mechanism has a statistical interpretation in which the pre-, 
ferred direction of reaction may be controlled predominantly by differences of probability or 
entropy. 


Tus Queen's Unrveesiry, Becrasr. (Received, January 30th, 1950.) 





444. Search for New Analgesics. Part IV. Variations in the 
Basic Side-chain of Amidone. 


By P. Orwer and E. Watton. 
With a Note on Some Pharmacological Results, By A. F. Green and A. C. Wurre. 


Ketones = See (1), (11), (XD, CXID, CCIE, and (XIV) (R being Alk-CO) have been 
and, necessary, their structures ermined by established » Com- 

pounds bearing yi and 2-dialkylami “* side-chains show maximal : 
—— The di compounds (XVI and XVII;  H) were obtained by reduction of 


corresponding cyanides, but neither they nor Ty acetyl! derivatives showed appreciable 
analgesic acitvity 


Iw Part ITI (/., 1949, 648) several series of amidone analogues having considerable variations 
in the ketonic side-chain were described; those carrying a propiony! group showed maximal 
analgesic activity. In the work now described the emphasis has therefore been on varying the 
basic rather than the ketonic side-chain. 

(a) 2-Piperidinopropyl Series.—A mixture of cyanides (Ia) and (Ila) was prepared by 
sodamide alkylation of diphenylmethyl cyanide with 2-chioro-1-piperidinopropane. At first 
only one of these cyanides (Ia) was obtained but more recently both have been isolated (Nature, 


(lL) RCPhyCHMe-CHyN <C,H,, (It). R-CPhyCH,CHMeN<C,H,, 
(a) R = CN () R = CORt (a) R= CN (@) R = COPr 
(0) R = COMe e) R= CPrcNH (0) R = COMe (¢) R = CONH, 
ic) R = CEtINH (fh R = COP: (c) R = COEt (f) Rel 
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1949, 168, 479) by methods described in the Experimental section. Each gave a series of 
ketones (Ib, d, and f; Lb, ¢, and d@) with the corresponding Grignard reagents. As in the 
ssoamidone series (Part III, loc. cit.), intermediate ketimines were encountered in the preparation 
of the three ketones (Ib, d, and /), but only the ketimines (/c and ¢) were isolated. There is thus 


and (II) have been determined by several methods 
(i) Exhaustive methylation of the cyanide (Ia) gave 1-methylpiperidine and | : 1-diphenyl-2- 
methylally! cyanide (III), together with some | : 1-dipheny!-2-methylallylformamide (IV). The 
cyanide (III) was reduced to the primary amine (V) which was found to be identical with that 


C,H,, >NMe-CH,CHMeCPhyCN  ——————> CH /CMeCPh,CO-NH, (TV). 


CHCMe-CPRCN (ILL.) 


i ' 
CHPh,-CN ee CHMeyCPhyCN -——— >) CHMeyCPhyCH,-NH, 


(vi V 


obtained by reduction of 1 : 1-diphenylisobuty! cyanide (VI) (cf. Nature, 1949, 168, 479; Schultz, 
Robb, and Sprague, J. Amer. Chem. Soc., 1947, 69, 2454). 

(ii) The structure of the isomeric series (IT) was confirmed by sodamide degradation of the 
cyanide (IIa) and by hydrolysis of the ketone (IIc) to give in both cases 3-piperidino-1 : 1-di- 
phenylbutane (IIf), which was identical with a specimen obtained by Dr. D. W. Adamson by an 
unambiguous method (cf. J., 1949,S144). Attempts to prepare the butane (II /) by hydrolysis of 
the cyanide (IIa) yielded only the corresponding amide (IIe), which could not be further 
hydrolysed. 

(iti) In addition the cyanide (IIa) was synthesised from diphenyimethy! cyanide and propylene 
oxide by the unambiguous route described by Easton, Gardner, and Stevens (/. Amer. Chem. 
Soc., 1947, 69, 2041) : 


NaNH, 
CHPhyCN + CH,BrCHiCH, = ———> CNCPhyCH,/CHICH, ~——‘VIL_) 


"ak 
CHPh, ‘CN - Ph,C-——C:NH 
+ a P. ; 
H, Me 


CH,—-CHMe (VUL) ms) } 
\ 


PBr, 
HN <CH,, 
(Ile <— CN-CPh,CH,CHMeBr (X 


In this synthesis, proof of the structure of (Ila) was afforded by hydrolysis of the imino- 
tetrahydrofuran (VIII) to the lactone (IX), which was in turn obtained by condensation of 
diphenylmethy! cyanide and allyl bromide as shown in the scheme. 

Structural proofs (i), (ii), and (iii) thus determined the positions of the branch methyl groups 
in the compounds of types (I) and (IT). 

In contrast with the results of Easton ef al. (J. Amer. Chem. Soc., 1948, 70, 76) who claimed 
to have obtained a third isomer of amidone, no such isomer was found during the working up 
of any other tertiary aminopropy! series. 4-Piperidino-1 : l-diphenylbutyl cyanide (XIa) 
in particular might have been produced during the formation of the mixture of cyanides 
preyed wha Ang Ae iy ney te which in turn could have been formed by elimin- 
ation of hydrogen chloride from 2-chloro-1-piperidinopropane. This possibility was, however, 
considered ruled out by the work described below. 


(Hromatka, Ber., 1942, 758, ran); crystalline compound 
Sitesend tooen Ghusped equals 06 aul a aia. From it the corresponding acetyl, propionyl, 
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and ®-butyryl derivatives (X1b, c, and d) were readily obtained without the production of stable 
ketimines (cf. however, Easton st al, J. Amer. Chem. Soc., 1948, 70, 76). 


(XL) R-CPhyCH, CH, CH,N<CH,, (XIL) R-CPhyCH,CH,NEt, 
R =~ COMe R = COPr 


() R = CONH, 
(e) 2-Disthylaminoethyi Series —Earlier in this investigation several members of a 2-diethy!- 


aminoethyl series (XIle, b, ¢, d, ¢, and f) were prepared (cf. Part III, Joc. cit., and Dupré et ai., J., 
1949, 500), but further work on other 2-dialkylaminoethy!l series * was abandoned when it 


TTY 
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200 Ss ; 
240 eo ae 
Atm.) 
(XVILL) 6 Demetaylamenc 4 4-depheny! S-methyihexan-3-one  (is0.A mudone Id 


6- Piperidino-4 : + 
dipheny!-5-methythexan-3-ome (XIX) 6 Dimethylamino-4 ; ¢-diphenylheptan-3-one (Amidome). (Ile 
6 Piperidime 4 4-dephenylheptan 3-ome 





became apparent that the 2-dialkylaminopropy! side-chain was more effective in the development 
of analgesic activity 


RCPhyCHMeCH,yNEt, R-CPhyCHyCHMe-NEt, CH, .CH-CH, CPh,CO-NH, 
xml xiv ; 
a) BR CN 


a) 
ib) K » CEtNH (b) 
fe) KR CORt 


RK cx 
R = COERt 


(d@) 2-Diethylaminopropy! Series —The isomeric cyanides (XIlla and XIVa) were prepared 
from 2-chloro-1-diethylaminopropane and diphenylmethy! cyanide, and were separated from 
each other by taking advantage of the differing solubilities of their hydrochlorides in alcohol. 
Their structures were determined by exhaustive methylation. The methiodide of (XIIIa) 
yielded the cyanide (111), whilst the methiodide of (XIVa) gave «2-dipheny!-$-vinylpropionamide 
(XV) and the lactone (IX) as degradation products (Schultz, Robb, and Sprague, loc. cit.) 

With ethylmagnesium bromide the cyanide (XITIa) formed the ketimine (XIIIb), which by 


* A teow other intermediates of this type are described in the Experimenta! Section. 
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hydrolysis was converted into the ketone (XIIIc). On the other hand, only the ketone (XIVb) 
was isolated on similar treatment of the cyanide (XIVa). 
It is of interest to note that in both the 


and isoamidone (Part III, Joc. cit.) gave 1-amino-4-dimethylamino-2 : 2-diphenylpentane 
(XVI; R = H) and 1-amino-4-dimethylamino-2 : 2-diphenyl-3-methylbutane (XVII; R = H), 
from which the l-acetamido- (XVI and XVII; R = COMe) and 1-phenylureido- (XVI; R = 


459; Cheney et al., J. Amer. Chem. Soc., 1949, 71, 53, 57). 
NHR-CH,CPh,CH,-CHMe-NMe, NHRCH,CPhyCHMe-CHyNMe, 
(XVL) (XVIL) 


The authors are indebted to Dr. T. S. G. Jones for the ultra-violet absorption curves (shown 
in the figure) of pairs of isomeric ketones in two different dialkylaminopropy! series. It will be 
seen that these curves bear out the isomeric structures assigned to these ketones on the chemical 
evidence. 


Pharmacological Results —Several of the compounds described above were tested for analgesic 
activity in the rat and the results are summarised in the following table. 


= ts 
Salt. (morphine =a 
Compound (XIII). 


R«CECNH 2HC) 12 
COEt HBr 06 25 


Compound (XIV). 
R = COEt HBr 10 


Compound (XVI) 
RH Base 
COMe HBr 


Compound (XVII). 


o1 30 
(Activities less than 0-05 are described as nil.) 
ee Oe ee oa. 
(a) methyl branching in the basic side-chain aa > 2 ee 
carbon atom, 


is an important factor in the development of analgesic 
(b) Gaal vastalteel to Gon basle qronp Weel have 0 vilaibealy eiinas Giiaats 


YF} sal tiv hetimines are inactive and apparently do not readily hydrotyee tm viv to give the active 


(the dibasic ae CESS on VES Rep eee Sa 
t should be noted 


In the dog, for example, i) aed XIV) have 
pen Bay ‘and the eth pc the ty Rete of pee Oe a tith to tenth of tee antiving of 


EXPERIMENTAL. 
(M. p.s are eye 


Comite dan: thes ey ep tee ee AN. ne oni rambo 1949, Name, 1968, 108. af0, Bockonalel 








2162 Ofner and Walton : 


and Ehrhart, Annalen, 1944, 661, 70), but details of their isolation, etc., wee ant ieee, The 2-chioro- 
the described below was obtained from 1 
=n ise was characterised as >. 
15-0. aC HsON EGHO Ne roquren N. . & ol (cf. the 
-ol, prepared 
. | Amer, Chom. Soe., 1947, , B04). 


Adkins and 
 eenaiae We hendary 
Stamens th mnton: duphenylnethy! cyanide 
mixture was ’ 
sulphuric acid, and the basic material (58 g.) 


tease tye! (pan amin) wae extracted with lute m 


pure cyanides (Ia and Ile) were isolated from this basic material by making use of the fact that 
Ila) tended to crystallise before the cyanide (la), whereas in the form of their halide 
. For example: 

The basic mixture (24 g.) with light petroleum owt ded hl cegelgeng 
crops which recrystallised from the same solvent to ve pare cyanide (a) an Pecilertae ceyetaiioed trom wich 
64-86" (Pound: N, #68. Son SI Tote requires N, 66 from alc 
ether in needles, m. ‘ound: N, 7-85; Ci, 100 her ak Canto HCI requires N, 7-0; Cl, 10-0 
and the hydrvbrom trom the same solvent in leaflets, m p. 170 os oes N, 7-1; 
02. C N “Tir reaaiees ry Br, ao lS) The methiodide ee on alcohol-ether in 
minute, , fectangular prisms, m. p. 160-171" (Found: N,@1; 1, 27-6. C,,H,N,I requires N, 
G1, 1, 27-46%). 


Later crops and the residues with hydrobromic acid formed a mixture of salts, which on fractional 
wep 290-361" [Found N70, Br, 308. CyllaNyl drobromide of the cyanide (Ia) as long needles, 





m. p. 230-241" (Found : N,70; Br, 20-3 Br requires N, 70; Br, 20-1%). The free base 
from light qe (b R oe ) in minute needles, m. p. 106-—106" (Found: N, 8-8. 
Coglt,N, requires N, oo, = € from alcohol-ether in well-defined 
rectangular prisms, m. p. 226—227° Pores M198. cL 108. CysHyeN,.HCl requires N, 7-9; Cl, 
10-0%). The methiodide crystallised from alcohol in minute, pointed prisms, m. p. 228-—220° (Found : 
N,@1; 127-6. CyHMyNygl requires N,@1; I, 27-6%) : 


Method (b). The basic mixture (80 ¢.) from the sodamide reaction was distilled and the fraction 

(74g.), b. p. 206-234" /5 mm., converted into a mixture of hydrobromides. Treatment of the anhydrous 

hydrobromides with acetone (230 mil.) gave the hydrobromide of cyanide (Is) ( Be files in pure form. The 
mother liquors yielded basic material, which on crystallisation gave the cyanide (II 


5-Piperidine-3 | 3-diphenyl-4-methylpentan-2-one (Ib).-The cyanide (Ia) (10 g.) in xylene (10 ml.) 
was added to the Grignard reagent from methy! iodide (13-6 g.), magnesium (2-3 g.), and dry ether (25 ml.). 
After 4 hours at 100° the xylene was removed under reduced pressure, and the reaction product decom- 
posed with concentrated sodium hydroxide solution and taken to dryness. The residue was extracted 
with ether, which was then shaken with dilute hydrochloric acid. After removal of some unchanged 
cyanide hydrochloride, which separated, the acid solution was evaporated to dryness. The residue was 
taken up in methyl ethy! ketone, and (after removal of a small amount of ammonium chioride) 
precipitated with ether. The resulting deliquescent hydrochloride was converted through the oily base 
into the Pentanone witraie, which crystallised from weet in tablets and from alcohol in needles, m. p. 195° 

decomp.) (Found: N,@9. C,,H,,ON,HNO, requires N, 70%) 


6-Piperidino-4 | 4-dipheny!-5-methylhewan-3-one (1d).—-The cyanide (Ia) (32 g.) in xylene (30 mi.) was 
added to the Grignard reagent from magnesium (7-3 g.), yo bromide (32-7 g.), and ether (75 ml.), and 
the product extracted with ether, as described above rification of this extract through the 
acid solution, the resulting basic oil (26-5 pot a ic hydrogen chioride, and the solution 
evaporated to dryness ¢ residue, refluxed with methyl ethyl ketone, yielded the insoluble dihydro- 
chloride of the ketamine (Ic) (182g), which crystallised from alc in » . m. p. 193° (decomp.), very 
soluble in water (Found: N66; Cl, 167. C,,H.N, 2HCI requires N, 6-7; Cl, 16-68%). 


The ketimine dihydrochloride, refluxed for 2-5 hours with 20% hydrobromic acid (75 ml.), gave an 
oily bydrobromide layer, which was purified by convermon through the base into the Aefone hydrochloride 
(as 14); thie formed needles, m besa 198", from methyl! ethyl ketone (Pound: N, 3-75; Ci, 015 
pe pe ee requires N, oe: c The Aydrobromide crystallised in needies, m. p. 208—209° 

mand: N, 33; Br, 187 ‘MONA Br requires | N, 3-3; Br, 186%), and the Aydro, a sulphate as 


micro-crystals, m. p 219-281" “Found. N, 315; S, 7-3. Cy Hy,ON,H,50, requires N, 
beth from alcobol ether 


1-Piperidino-3 | 3-diphenyl-2-methyiheptan-4-one (1/).—The cyanide (Ia) (10 g ) in xylene (10 ml.) was 
added to »-propy! um bromide (185 g.) in ether (25 ml.), and the mixture heated at 100° for 
Shours. The basic ot], extracted as described above, was converted into the hydrobromide, which, after 
being washed with hot methyl! ethy! ketome and crystallised from alcohol- — ave the Actmine 
dibydrobromide (le) as ~——. m 215-216" (Found: N, 53; Br, 30-8 att, 2HBr requires 
N. 53: Br, 305%) dihydroc rified in the same way, melted at a tide (Roend N, 
61; C162. CyHyN ‘» 2HCI requires N, 4, C1, 163% 


The dihydrobromide (Ie) (6 g.). refluxed for 2 hours with 20% hydrobromic acid (30 ml.), gave an 
oily lower layer, which, after being washed with water and recrystallised first from methy! ethy! ketone 
and then from alcohol-ether, gave the Actome hydrobromide (as If) as rectangular plates, m. p. 205—206° 
(Found : N. 325; Br, 17-7. Cy,HyON HBr requires N, 3-15; Br, 18-0%). 


1; S, 716%), 
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g-cee (110) — The basic oily giemm Gos cyanide (Ila) 


“ : 

OB gegen an tt al 
as * 
— trom alcchet ether (Found | N, 38; Sea: ba rf 
reaction product trem, ae ae (Ila) ( 
wal and Seon tees omer 30 mi) tid Ose te 
arlene “le ee hed pb wan purihed by crystalination tt 
hen from mee 36, ©, 829%) (Bock ted amb 
103—106", ———- 


The hydrobromede, m. 
ON Hine N, 3-3; }~¥. and 
oe ans 137— ‘Noe CoH, orequate Ns 8790). 


| Sede (tha) ne peace ry tay egal 
i sad enyetatiiond bees Geeahel dauquentent by drociurs Cpt t wuat wus N, raf 
CNAON TING, requires, 66%). 
ae Ile).—The Ila) (4 g.) A me fl yore 
acu at at 160° for 6 minutes ser nich had darkened considerabl the 
The comi-cultd mich that Seneind maniacs Geom inate checeal ta GANA oe p- 
ise isT (Found : N, 84. C,,H,,ON, eauised NO" $3%). 


3-Piperidino-1 : se (Ha) (i ta well-stirred suspension of sodamide (5 g.) in 
alkaline and extracted with ether. 

cyanide (Ila) (3¢.), ope. but the 

lar plates, m. p. 211—212°, 





and Ebrhart, Joc. cst., give m. p 
ethylene glycol (10 mi.), and fintly-divided 
The basic , extracted with ether, was dissolved in h 
(as IIf) (0-5 g.) was readily isolated by reason its low solubility in hot methyl ethyl! ketone. 
Determination of the teary aherde H ey by Exhaustive Methylation. —The methiodide of the 
cents Ee OS 6). Sumies  eehe © ., was treated with moist silver oxide freshly 
prepared from silver nitrate (46-5 g.). Atker teing 
the suspension was wa tered and the lerate concentrated i vaewo toa syrup (4 
in dilute hydrochlonc acid and made alkaline, ve an ethereal extract : 
ine (#2), b. p. 106—107° te, m. p. 222° (Found : c 43-9: ae +9; 
(EP S C430; H, 40; N, 17-1%). The undistilled syrup (4) was shaken with 
oe on distillation gave 1 : 1-dipheny!-2-methylally! cyanide (III) 
WSS e) bp 16d 165°6 oon, . 6465" (Found : C, 87-4; H, 63; N,@2. Cale 
C, 87-5; H, 64; N, 60%) [ef. | ee Oe Sa 
being washed with ether and crystallised from aqueous gave 
(IV) as slender needles, m. p. 180—181° (Found : C, 81-2; H, 6-85; N, 55. C,H, ,ON requires C, 81-2; 
H, 68; N, 56%). 
Hydrogenation of (IIT) (11-8 as described Schultz, Robb, and Sprague (Joc a. me 2-di- 
pga tog oe Ay “4 oy ap mm. (Found: N, 
rg apie , 585%). Its phenyluresdo-deri § ty trom ale (Found 
H, 72; N. 7-8 CoH yO, 
admixture with the same derivative of 
loc. cit.). 





A.' 
from ) (Found: C. 008: H, 7-5; 


vative prepared (needles, 194", 
8. CallggON, requires 80-5; HT: N,7 me 
("1 6 peopel by the meth of aon al J. Aer amg oy * 1 


yanide (X) (20) 6-) {prepared 
), was refluxed with piperidine (14-5 g.) for 12 hours, and, after 
hydroxide was added. ttl scictane ‘oan ckicasted tte other, th 4-4 
ute acid. Fractionation of the base, iterated Sern tho oni extent. yiciied the ovastto ie) a0 6 
viscous oil, b. p. 224—228°/2-5 mm., which crystallised from light petrob 
$1—-82°, identical with the product already described. 


1-Chloro-3-pi —3-Piperidinopropan-l-ol (174 g.) a 
piperidine, allyl alcohol, sodium, as described by Hromatka, Joc. cif.) in 
to a stirred solution of thionyl chloride (145 g.) in the same solvent (145 mi.) at 0°. A 
pre ey tiene me bie eg ney hal Tre engemging Howe Ay tm ry 
from alcohol-ether in slender rec plates, m. p. 213-214" (Found : 
Cale. for C,H,,NCLHC] N, 7-1; Cl, 36-8%). 


4-Piperidimo-1 : 1-diphenyl-n-butyl Cyanide (X1a).—1-Chioro- ereepene B {from the 
chloride (34 g.)) with diphenyimethyl cyanide (42 ¢) in dry (85 ml.) in yA 
= a heater eee ts as described for the cyanides (1 





an oily base (35 g., 64%), b. p. 223-——-228"/3-5 mm., which gave a 
c o> 1 ketone in plates, m. _ 187—188" (Pound: N, 
Cyl Cl requires N ; GC, 10-0%). The hydrogen sulphate crystallised from alc 














Ofner and Walton : 


m. p. 160161", almost insoluble in methyl ethyl ketone (Found : 
#H,SO, requires N, 7; S, 7-7%). 


_ nat 


m. p. ai ‘om ¢ 
fequires N, 3-25; x a her Aw rea 
alcohol (Found : N, 35 1. CyH,,ON,H,SO, requires N, 3-1; 
1 b-di —This was wah puageent Sen tens 0689) 08 
233° /2 mm., and was purified conversion 
alcohol (Found: WN, 
ts hydrobromsde 
ethyl ketone-ether (Found : N,32; Br, 163. 
Preparation Conpeunte of ~~ XI1).—3-Diethylamino-! : iy a 
pe Cone nd zt ocssupsentiy dented by a al. . ont. 
alechab-cther te 


we ar one tenho p. 131—132" (Pound : N, 7-4; 
. 21-4. » HBr requires N, 76; he iggy OS Ty 

yep ae 190° (Found ; N, 68; 1, 26-0. C,,H,,Nyl requires N, 64; 1, 203%). 
Se Severna Seeise (ie) eee Se ee Se Dupré ef al., loc. cit.), the 


crystallised alcohol-ether in prisms, 116—119* (Found: N, 34. 
Oo AON MBs requires 3 36%). oe 14 


A solution of 2g.) in sulphuric 5 , teftuxed for 1 hour, diluted, made alkaline, 
and cooled, ga die BL hd I romide (i jasa precipitate, m. p. 80—-86° 


(Found: N, a. Cog ON, requires The neutralised on concentration in vacuo, 
ve the correapond arboxylic va eck (XI84) asa white precipitate, m. p. iss isa (decomp.) (Found : 
‘46. “uallysO\N | N, 6°8%) 

Sadheiens ak iiiinee came chal ah iiiciadhinh. 0h nisi tach Did atin is 
solution of the ethy! ester (XIle), the methiodide of which crystallised from alcohol-ether in clusters of 
needles, m. p. 133-135" (Found: OEFt, 94; 1, 263. C a Semen See Se steer 

y'- 


for 20 minutes. made alkaline extracted with ether 
(X11f) (Eisleb, Ber., 1041, 74, —_ which formed a 
32° (Found : N, 40; Br, 23-3. 


methiodide « 
Cale. for C,,H,,N1 : 

3- Diethylamimno-1 1 -dsphenyl-2-methyl-n-propyl Cyamde mew Ss and 3-Diethylamino-1 : 1-diphenyl-n- 
butyl Cyanide (X1Va).— well-sturred solution of 2-chioro-l ar laminopropane (48 g.) (from its 
hydrochloride; Kerwin ef al, ]. Amer. Chem. Soc., 1947, 6B, 2064) oe pee (65 g.) in 
dry benzene (200 mi.) at 76-—80° was treated with sodamide (13 .) in small portions and the reaction 
completed by heating and stirring the solution for 1 hour more. mixture was then decom 
water, the benzene removed im eacwo, and the residual oily mixture extracted with ether. 
extract was shaken with dilute hydrochloric acid, and acid extract taken to ness. Fractional 
crystallisation of the from alcohol eventually pave the less-soluble cyanide ( XIlla) ,e 
as tablets, m. p. 234-238" (Found: N, 83; Cl, 107 aptyeN,. HCl requires N, $2; ep and 
the more-soluble qgeatte (X1Va) hydrochloride as rectum here m. p. 165—167° (Found 
Cl, 106. Cy Hy N oH requires N, #2; Cl, 104%). The Aydrobromide of (XIlla) (tablets, m o 
241-—242° (Found . 76; Br, 214. C, N,.H ex N, 7-2; Br, 20-7%)) was likewise less 
calvhle ta both alnahe! and wotes than te catty (X1Va} (rectangular plates, m. p. 180—190- 
(Found: N, 7-6; Br, 21-2. C ape mew requires N, 7-2; Br, 20 7%) be difference could not 
be used in their separation as they appeared to form a eutectic mixture (i: ». * which melted steadily at 
185 190°, despite several recrystallisations. 

The base (XII 1a) crystallised slowly from its evaporating solution in light m (b. p. 60-80") in 
rectangular . yao m. p. 43-46" (Found: N, 2. C,,H,N, requires N, 9-16%), but the base (XIVa) 
could not be induced to crystalline. 

The methtodide of (XI114) crystallised from alcohol in slender prisms, m. p. 228° -_—“~ P.). sparingly 
soluble in water (Found: N, 5-6; I, 26-0. LNql requires N, 625; L, O83 % 
(X1Va) —— from alcohol-ether in m. p. 177-—-179* (Pound : N, & y 3 es. CMON 
requires N, 625, 1, 28-3%,), but separated from water as an oil. 

Determination of the Structare of (X1 11a) and of (XIVa).—A solution of the methiodide of (XIII) (7 g.) 
in bot water (250 ml.) was poured into silver oxide (from 7-5 g. of silver nitrate) suspended in water 
(0 mi.) After being boiled gently for 1 hour and filtered, the uid was evaporated tm vacuo, and the 
oil that separated was extracted with ether. On removal! of the solvent, this oil solidified and was crystal- 
lised from light petroleum (b. p. 40-60") to give | —— 2-methylally! cyanide (111), m. p. 62—63", 
identical with that obtained as already described thiodide of (X1IVae), similarly treated with 








fre Ge betes » hyd 111112" 
with that obtained by hydrolysis 


ne eter a tartare 
ie a YN ed: CL 170. 2HC requires 
the solid that separated was — 


ay as > m. 189-—191° (Found - 
, Br a aes be A Z tere 


and reconversion into the base afforded 
as well-defined m. » 135-138" (shrinking at 115-120"), from 
N, 3-2. CH,,ON, HBr requires N, 3.35%). 
N-Benzyl- N-methyl-2-aminoethyt Chloride.*—N -Benzy!-N -methy!-2-aminoethanol | OS o), > pee — 133 - 
136°/14 mm., was inten 6 ee ae Aa! aso 
fractionation of the t (Mannich and used y 
Arch. Pharm., 1912, pies With thionyl (10-6 mi. Nin chiveotore 


N-methyl-2-amenoethyl chiorde spirohlode 30 g.), which ¢ 
tros also cers needien, m. p. 140—141" (Found : 3. NCL HCl ty 


3-(Benzylmethylamino)-1 : 1-diphenylpropyl Cyanide.—Dupré et al. (loc. cit.) have recently prepared 
ancmupinh ell Gee corresponding betens by way of S-trcme-I : +-dighengigongyt epentie. 


Diphenylmethy! cyanide (8 yA me and sodamide (2 
beneuns os described for ot he ean Ati and AV ‘The product 
Ssble city yds Storie waich. ater 
to crystallise it was 
mm., rhe. a methiodside which 
(Found : 1, 269. C,,H,N,I 


sapgugnee® Som she supeipatens qrette 
ve an evan ely, epariely h hioride,t and a crystalline 
her (Found: 1, 251. Corba O0tl soquinse sequinee L 
in m. p- Vp. on admixture with the corresponding cyamide methiodide 
prepared in improved ied (73%) bythe interaction of ethyeoe onde {16 mi nd dion amine 
was interaction 
ag dy 00° for 2 er St owe mae es, ee for 6 hours, 
by fractionation of the itieke and’ Maxwell Amer. Chem. Soc., 1042, 64, 429, 
and ethylene chlorohydrin). 
arr te Ag * 351,605), crystallised 
etees in ssinute cubes, p- 184° (Found: N Cl, 26-8. Cale. for C.HNCLHG : N, 5-0; Cl, 
254 


3- Dicycloherylamino-1 ee nee act from the interaction in benzene of 
dipbeaymethy! cyanide (*¢) xy vic ide (12 g.), and sodamide (1-0 g.) [obtained as 
tracted with ether, and 


lamino-1 : I 
extract wathed with h 
from 





ve the cyamde 
198°, sparingly soluble in ara x 63; Ci, 60. 
The c base, m. p. 71—75", ‘iodide 
104—.110°, from Pound: ; I 234. 
6-Dic ; 


cyanide and ethyimagnesium bromide amorphous : 
C,H gON, HCI requires N, 3-0; poration ras P- ier 19s". 

4 Dimethylamino-2 . 2-diphemyl. (XVI; R = H).—3-Dimeth 1 1-dipbenyibutyi 
cyanide (Pest IIL, toe. ait) {00 2), leguid ammonia (20 onl}, and Raney (3 g.) in methy! alcohol 


= eS 1944, 269) have used this base without it. 
t and Ehrhart (Joc. cst.) give m. p. 142—~143° for this but do not describe its 
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( mi.) were treated with hydrogen at 170° (5 atmospheres) for 8 hours. The filtered 
distillation gave an oil, b. p. 214-—218°/15 mm., which later solidified. C 
. gave (XVI; R = H) as “nie cOkka) Syston’ ene te x. 
acetyl derivative xvi, p ~ Saee m (b. p. 


ts p opeainn’s Som hght petroleu P 

tablets, tie—iaié iz N, on ‘ 

ia rectangular m. 2 pe ay yo otrcund N68; hag 
> Be, 196). The ( J NHPh) 





prepared hydrogenation ot Mdiaothylentne | I dipteny? oe cacde leas 
| Mange meth 
prepare by tydrogenation ot S-dimethylami R « H); ve a 
-1- yy tee Le trom alcohol-ether (Found for the base ae 3. Cc 
md for the dihydrobromide: N, 66; Br, 35-0. C, oe pw 
derivative (XVII; R = “ rent from roca (bp 
04-106" (Found: N, §46. requires N, 56 peared he} 
shol-ether in granules, m. = Slo —dal" (Peend : Ne, sod formed 19.8. Cal, ON» HE requires 
Bir, 197%). 
The authors are 1 to Mr. A. Bennett and Mr. F. J. McMurray for the micro-analyses, to Messrs. 
. Ruffell, and R. A. Turley for technical assistance, and to Mr 3. B. ene | 


section. One of them (P. O.) is also indebted to the Directors of 
, Ltd, for a grant covering the expenses of the work done at the Chelsea 
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445. The Apparent Induction of Polarity in Non-polar Solutes 
by Polar Solvents. 


By H. G. Hottaxp and R. J. W. Le Fives. 


and 

as carbon 
to 

smoothly proportional the corre 

molec ular refractions, but use of the latter in conjunction with dimensions read off 

scale drawings bas afforded an empirical equation, p*seses = »*,. 2 ee. (—4)/A,BC,, by 

which the experimental! results in chloro- as well as nitro-benzene may be satisfactorily , 





Le Fever and Le Fever (/., 1936, 487), from measurements of the dielectric constants and 
densities of dilute solutions of benzene, carbon disulphide, and other centro-symmetric molecules 
in chlorobenzene, nitrobenzene, benzonitrile, etc., reported signs that in such media the solutes, 
ordinarily non-polar, acquired apparent polarisations of considerable magnitude. 

The actual numerical results were, however, computed by the conventional mixture formula, 
Py = Pus + Pafy, where f and P represent molar fractions and molecular polarisation, and 
subscripts 1, 2, and 12, refer to solute, solvent, and solution, respectively. .The Le Févre's 
commented at some length on the difficulty, inseparable from the application of this procedure 
to the systems indicated above, of estimating the contributions made by P, to the total 
polarisations of the solutions. It was clear that P, should not be taken as invariant with 
concentration, but rather as increasing in some manner with /,. Nevertheless, an attempt to 
deduce “ corrections " from the data of Pal (Pail. Mag., 1930, 10, 265) and Sutton and Jenkins 
(J., 1935, 609) for benzene-nitrobenzene mixtures failed to eliminate the appearance of solute 
polarity in this one case, and strengthened the impression that the phenomenon was general 

During the intervening years several authors have adopted mathematical methods for 
extrapolating /, of a solute (in a non-polar solvent) to “ infinite dilution "’ (cf. Le Févre, Trans. 
Faraday Soc., 1950, 4, 1, for refs.). In particular, equations showing ¢,, and d,, as rectilinear 
with concentration of component | (cf. Hedestrand, Z. paysihal. Chem., 1929, B, 2, 428; Le 
Pévre and Vine, /., 1937, 1805) are now known often to oversimplify-—-and thus misrepresent— 
relationships which really require extra terms involving the concentrations to powers higher 
than unity. In most instances when a wide composition range has not been covered, the 
introduction of /,* (or w,*, i.¢. the square of the weight fraction) provides adequate compensation 
(cf. Le Févre, loc. cit.), and (ae,),, or (84,),, [calculated as (¢,, — ¢,)/w, or (d,, — 4,)/@,, 
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respectively) are found to have a straight-line dependence upon concentration. Their values 
at f, or w, = 0 can thus be obtained, and, when combined with directly determined constants 
for the pure solvent, yield the desired polarisation at infinite dilution. By following such a 
routine any inconstancy of P, need not mar the final figure for _P,. 

The present work was intended to check the earlier findings of Le Févre and Le Févre by 
the method just outlined. Accordingly, we now report on solutions in nitrobenzene of benzene, 
cyclohexane, naphthalene, decalin, diphenyl, and p-dichlorobenzene, using more solutions and 
a fuller choice of solutes than were taken in 1936. In each case equations to the curves between 
(ae,)», OF (S4,)., and w, have been calculated from experimentally observed quantities, .P, 
following therefore as M,[{p,(1 — 8) + Cas,), where a and § are the appropriate limiting 
coefficients and p, and C are as defined by Le Févre (loc. cit.). 

Beef SENS SE, Bes GE, ee ee 


Taste I. 
Apparent polarities of non-polar solutes im nitrobenzene. 


(Pde, = 9 oP, (c.c.). [Rap (c.c.) 
—0-473 ‘32 = 


27-7 
44-4 


Sszzteo 


In the three common cases the new determinations, made at 30°, confirm the older ones 
taken at 25°. For discussion, therefore, we will add the apparent moments previously observed 
in nitrobenzene of carbon disulphide (1°20 p.) and pp’-dichlorodipheny! (2-00 p.). 


Discussion. 


Le Févre and Le Févre (loc. cit.) noted that there was a rough proportionality between the 
induced moments and those of the solvent molecules. With the extended data now available, 


Fic. 1 
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CoMs i «en 
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O (CoMg)2 
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[Rap (om.*) 
Piet of potuns (7) ond Wntuns (O) ageinet the 


however, it becomes obvious that such a relationship is not exact. Fig. | shows tissues OF 
Pratt FO CREE LS. Lee ee ae ee ; since (Rip = 
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4aNa/3, where a cc. is the average polarisability, the non-rectilinearity of both curves indicates 


Benpivical Pormuia for the Induced Momente—By accepting the implications of Pig. 2, 
an equation (among others) such a8 p%isgung = (8,/K)Exp.(—) might apply. K would 
be a constant for the solvent, and indeed, by adopting a value of X of about 1! for nitrobenzene, 
a set of “ calculated ” values follow in reasonable agreement with experiment : 


Crglly CoH yy (Colle (CyH,C)),. 
1-7 20 16 20 
17 21 16 20 
For the five of these substances examined in chlorobenzene by Le Févre and Le Févre a K 


value of ca. 55 may be used, though less satisiactorily, possibly because the moments found 
were in all cases less than | p., so that squaring magnifies the effects of experimental errors : 


Selvent . chiorubenzene. 
Solute > -aHl,. . (CoH ae (CoH,C),. 
pate (OBIE) coe rerccerers 0 7 . 0-9 0-9 
pag, (fowRA) «....... 66000 o . 1“ 0-8 
The two constants involved above (K — 11 of 55) correspond nearly to the reciprocal 
i 'gue/AyliyCy Accordingly we propose as a general equation : 
Wnteont “ He's Ry . Exp(—M)/A,B,C, 


and in Table LI (last two colomns) we show the concordance between calculation and 
ment obtained for both solvents on this common basis. 





Cy Exp.(—4*) 

20 0-904 

316 0-843 
671 4 +50 0974 
5-08 2-90 ORS 


7 g +m 0-951 
10-96 f 2-00 0-77 


o=e~ 


a Chiorobenzene - o - - 
Carbon disulphide Nitrobenzene 640 , 3.08 0 369 
- ‘ Chiorobenzene te os - v 
pp'-Dichloredipheny! Nitrobenzene 13-68 . 316 0-713 
; Chiorubensene > ; F * 


The ans solvent dimensions were used in the calculations: For nitrobenzene, A, « 8-00 

606, C, «— 460; for chlorobenzene, A, ~ 808, 5, =~ 606, C, =~ 316. Refractivities used 

po than those listed elsewhere are as follows: For carbon disulphide, [Rz)p — 21-2 cm.*; for 
pp’ <dichlorodipheny!, (Rz)p ~ 60-5 cm * 


mt me ot OD ee ee 
vo fo. 2 ere) 


SSSveosOeae 
Seon 
sea 


EXPERIMENTAL, 


Materials.-The nitrobenzene was purified by distillation, and had b. p. 208—210°/760 mm. The 
benzene waa free, and was purified as previously recorded (Earl, Leake, Le Févre, j., 
1948, 2269). Commercial decalin presumably contained the cis- and tens-forms, and distilled con- 
Comaey between 186° and 194°. fraction of b. Le 189—190°/758 mm. was used, and assumed to 

a 


rage ot ay he ted ap The remaining sc eS See Fe oy Ses OF Capea 
the boiling points or melting points recorded in the literature. 
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tain = ~ 513 + 29-80; 
Be ’ 

(ate, ~ — 67-2 + 78-0w,; (Bde = Rilo ee ee 

73 + 0-302 sb = 26-17 cm. (from 92). 

149726 and 0-87378)}. 


= 147-01. 
1 
—457 
—424 
—424 
— 00-5 
—43-4 
488 whence (atJe, = — 53-7 + 15-00,; 
= ~ 42-7 + 761m,; (Bide, = — 0-467 + 0-31Tw,; (Ril 06% (ual. Sm 


[Relp = 36-69 cm.* (from and Barrow, J. Amer. Chem. Soe., 1948, 
von Auwers, Annelen, 1921, 422, 160). 70, 802). 


cycloHexane, M = 84:16. 


(ty), = — 64-4 + 48-0w,; (Bd). = whence (ate, = — 51-7 
— 0-602 + 0-57Tw, ; ale, = 27 72 cm.* (from aT Bg (tule = - - “in pn So 
Landolt-Bornstein, “ ” 1912, 1031). Auwers and Prahling, loc. 


Measuremenis._ The apparatus used 
1949) modified as noted by Le Févre and Northcott (/., 
each solute are given in Table III. Symbols and the method < 
Faraday Soc., 1950, 4, 1. The dielectric constant measurements were made relative to nitrobenzene, 
¢ for which at 30° has been taken from Ball (/., 1930, 570). 
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446. Reactions of Organic Peroxides. Part II. Reactions of aa-Di- 
methylbenzyl Hydroperoride (‘* isoPropylbenzene Hydroperoride’’). 


Ir was first shown by Hock and Lang (Ber., 1944, 77, 267) that oxidation of isopropylbenzene 
by air gives rise to a hydroperoxide, Ph~CMe,OOH, although high concentrations of this 
compound were not obtained by them. ee et ee aan aU 

peroxide have since been developed (Armstrong, Hall, and Quin, B.P. 610, 

1950, 666). Acid decomposition of the hydroperoxide to yield phenol 
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reduction with sodium sulphite to provide 2-phenylpropan-2-ol, have also been described by 
Hock and Lang (loc. cit). 
It has now been found that on treatment with ferrous sulphate as-dimethyibenzy! hydro- 


The ferrous sulphate is simultaneously oxidised to a ferric 


O + PhCMeyOH <— PhCMeyOOH —> Ph-COMe + Me- + -OH 


| 


1GH, 


The ferrous sulphate decompositions of the hydroperoxides of sec.-butylbenzene (Part I, 

. 1949, 2076) and diisopropylbenzene (unpublished) appear to proceed in a similar manner. _ 

i and 

The relative quantities of these constituents and the speed of decomposition appear to vary 
with the catalyst used. 

Thermal decomposition of the hydroperoxide, with and without solvent, gives rise to the 
same products as the catalytic reactions. 

Oxidation of the hydroperoxide with aqueous permanganate appears to follow a rather 
involved course. Some benzoic acid is formed, but the major products are again those given 
by simple catalytic decomposition, i.¢., acetophenone and carbinol. 

Reaction with methylmagnesium iodide is vigorous and the end product is entirely a-methy!- 
styrene. Presumably the alcohol is the initial product of reaction, and dehydration is brought 
about by the presence of iodine formed during the reaction. Ethylmagnesium bromide yields 
almost entirely a mixture of 2-phenylpropan-2-ol and a-methylstyrene indicating that the 

reagents act in a reducing capacity. 

The hydroperoxide may act as a mild oxidising agent towards olefins in the presence of 
catalysts (V,O,, = | thus cyclohexene yields the epoxide and traces of adipic acid, as well as 
various alcoholic and ketonic compounds which were not investigated. In the presence of 
vanadium pentoxide oct-l-ene also gives a small quantity of epoxide. Allyl alcohol yields 
polymeric products 

Oxidation of other types of organic compounds, in addition to olefins, is possible in presence 
of catalysts. A secondary alcohol (isepropanol) is oxidised to the corresponding ketone 
(acetone) in the presence of a variety of catalysts; 2-phenylpropan-2-ol and acetophenone are 
simultaneously produced, the latter representing a loss with respect to the oxidation of iso- 
propanol. 


Ph-CMe,OOH + Me,CH-OH —>» Ph-CMeyOH + Me,CO 


Further, aldehydes may be oxidised to the corresponding acids. In this case the reaction 
may proceed without a catalyst, but its presence increases the speed of reaction and allows a 
lower temperature to be used. In this way acetaldehyde, butyraldehyde, 2-ethylhexanal, and 
benzakiehyde have been smoothly oxidised; the hydroperoxide is reduced to 2-phenyl- 
propan-2-ol 

PhCMe,OOH + R-CHO —> Ph-CMe,OH + R-CO,H 


Attempts to oxidise acraldehyde to acrylic acid under a variety of conditions led only to 
polymerisation, as might be expected in the presence of an excess of peroxide. 

Aliphatic ketones appear not to be oxidised very readily. Methyl ethyl ketone is converted 
into diacetyl! only to a small extent; attempts to increase the conversion led to spontaneous 
decomposition of the peroxide, possibly owing to acid formation from the ketone by carbon 
carbon fission 

eyeloHexanone is oxidised in much less than the stoicheiometric amount to adipic acid 

It is of interest to compare the above reactions of the hydroperoxide with those of fert.-buty! 
hydroperoxide and aldehydes or ketones where, in the presence of acidic catalysts, condensation 
products are formed (U.S.P. 2,455,569; Dickey, Rust, and Vaughan, /. Amer. Chem. Soc., 
1949, 71, 1432) 

R-CHO + CMe,OOH ——> R-CH(OH)-00-CMe, 


R,CO + 2CMe,OOH —» R,C(OO-CMe,), + H,0 
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0-73%. ee, Fe Sree’ The first two fractions were and redistilled to yield 
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acid decomposition of the peroxide. 


Acstaldehyde. (i) epee eagennee (s Qa patealy added to acetaldehyde (6 g.) at <—10°. 
After 3 hours very little of peroxide 

(li) Acetaldehyde (12 ¢.) was slowly added to hydroperoxide (10 g.), es a trace of osmium 
tetrozide solution, the mixture being cooled below After 3 hours ea ay 
reacted and titration indicated the valiinael ela ca. 92%, calc. on the ). 
Distillation gave acetic acid (3-49 g.) and @ mixture of the propanol (60% %), acetophenone ( 5%), and 
e-methylstyrene (25%). 

B (i) Hydroperoxide (92-5%; 10 g.) was added ne eee 
below 6°. After § hour at room tem ture v the mixture was 
heated at 40—50° for 4 hour, then at 
provided batyric acid (4-47 g.) and 2-pheny!propan-2-ol (free from 

(ti) The experiment was repeated at 90-—100° throughout. Reaction was complete in 3 hours. 
The yield of butyric acid (by titration) was 90%. 

(iii) Hydroperoxide (20 g.) and butyraldehyde (13-9 g.), containing a trace of vanadium pentoxide, 
were heated at 110° for 3 hours. The butyric acid formed was 8-0 g. iY by titration). After 
removal of the acid by alkali the residue yielded a distillate (15 ¢.), b. te. wit mrm., and a residue 
(1-3 g.), the former containing the propanol (85%) and acetophenone ( 3%), | but no «- methylstyrene 

(iv) Mydroperoxide (10 g.) and butyraldehyde (6 g.) containing osmium tetroxide (1 c.c. R 
1% solution) were allowed to react at 0° and then kept overnight at room temperature; the 

completely reacted. Titration showed the presence of 3-84 g. of butyric acid; distillation yielded 


butyric acid (3-66 g.) and a fraction (7-9 g.) containing the propanol (77%) and acetophenone (14%), 
but no e-methyistyrene 


(v) Hydroperoxide (10 g.) was gradually added, with stirring, to a mixture of but (8 g.) 
and methanol (22 g.) containing osmiam tetroxide (1 ¢.c.; 1% solution) at —10° to —i15°. A 
kept o ht at room temperature the solution was heated at 80° for 6 hours Titration showed the 
presence of butyric acid (5-65 g., 97-6%) 

2-Fthylheranal ve roxide (10-6 g.) was gradually added to 2-ethythexanal (120 g.) —- 
osmium tetroxide (1 c.c.; 1%, solution), the temperature being kept below —10°. After 4 hours 10% 


of the hydroperoxide Thee Soe SS ete a 
2-ethythexanoic acid formed med (1040) pedied a p-bromophenacy! ester, m. p. 94—08". A’ removal 
? 
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acid, m. p. 150°, undepreassed on admixture with an 
authentic sample, crystallised from the aqueous extract. 


The author acknowledges his indebtedness to Messrs. A. R. Philpotts and W. Thain for carrying out 
the infra-red analyses and to Mr. B. E. V. Bowen for the gas . Thanks are also offered to the 
Directors of the Distillers Company Limited for permission to pu this paper. 
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Garat Buron, Epsom. |Recewed, April 2ist, 1960.) 


447. Synthetic Analgesics and Related Compounds. Part I. 
Amidines and 4: 5-Dihydroglyoralines. 
By Watrer Wrisow, 


Several cyano-compounds related to amidone and pethidine have been converted into the 
corresponding N-phenylamidines and 4: 5-dihydroglyoxalines. Tertiary cyanides were 
abnormally unreactive. The cyanide (1; R= CN), an intermediate in the production of 
amidone, with 2 ethyl te at 200° afforded a 2-imino- 
pyrrolidine and not the expected 4: Sdihydocsty canine. 








Tue conversion, into amidines and 4: 5-dihydroglyoxalines, of various cyano-compounds 
related to pethidine (1; R - CO,Et, R’ = Me) and amidone (II; R = COEt) has been studied, 
fusion techniques (cf., especially, Oxley and Short, J., 1046, 147; 1047, 497) being 
used. The present experiments bave been restricted mainly to reaction with enilinium 
arylsulphonates (giving N-phenylamidines) and 2-aminoethylammonium toluene-p 

(giving 2-substituted 4: S-dihydvogiyoxaiines) at 200". Basic’ cyanides were weed as their 
salts with benzenesulphonic or tol ic acid. 

Improved methods for preparing benzhydryl cyanide have recently been described (Reid 
and Turner, /. Amer. Chem. Soc., 1948, 70, 3515; U.S.P., 2,447,419; Ginsburg and Baizer, 
J. Amer. Chem. Soc., 1949, 71, 2254). by 
boiling diphenylacetamide with thionyl! chloride (cf. Freeman, Ringk, and Spoerri, ébid., 1947, 
69, 858), Ne Oe ee a te ace Long heating gave 
large 
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J. Amer. Chem. Soc., 1990, 61, 2142; also Patai and Bergmann, ibid. 1960, 72, 1034) : 
250Cl,—> 250 + 2Cl——+ § + SO, + 2Cl 


CHy CH, we yh CH,CH,y /Pha 
‘ x 


~ A 
\ a 
CHCHy ‘RR CHyCHMeNMe, ‘CH, CH, R 
(i.) (t.) (UL) 
yk 
Pa = Ph CHRCH,CHYy NF’, 
av.) v (vi 


Benzhydry! cyanide (1V; RK «— CN, R° « H) readily afforded both the N-phenylamidine and 
the 4: S-dihydroglyoxaline (VI) (cf. Jilek and Protiva, J., 1950, 188). The tertiary cyanide 
(IV; R= CN, R’ = Et) did not react with amine salts under the conditions used; the allyl 
analogue (IV; R = CN, R’ « CHyCHICH,) also failed to react with ethylenediamine salts. 

The tetrahydropyran (III; RK — CN) and two cyanides (I; R = CN, R’ = Me or CH,Ph) 
of pethidine type were converted in good yields into the 2-substituted 4 : 5-dihydroglyoxalines 
on prolonged heating with ethylenediamine salts. The tetrahydropyran (III; K = CN) gave 
heterogeneous melts with ammonium or anilinium benzenesulphonates, which may account 
for the non-formation of amidines. Conversion of the other two cyanides into amidines was 
not examined 

The expected N-phenylamidines and 4: 5-dihydroglyoxalines were easily prepared from 
the two basic cyanides (V; R =— CN, R’° = Me or Et) obtained by aminoalkylation of benzyl 
cyanide. However, similar but tertiary basic cyanides derived from benzhydryl cyanide 
were unreactive. Thus 3-dimethylamino-]-cyano-! : l-diphenylpropane (as the toluene-p- 
sulphonate) was unchanged on heating (200°) with 2-aminoethylammonium toluene-p- 
sulphonate. The homologous (+-)-cyanide (I1; RK — CN) was converted in moderate yield 
into a basic compound, m. p. 103°, which was not, however, the dihydroglyoxaline. The 
stereoisomeric (+)-cyanide (II; R = CN) similarly afforded the dextro-rotatory isomer, 
believed to be 2-imino-3 : 3-dipheny!-1 : 5-dimethylpyrrolidine (VII). Evidently, the ethylene- 
diamine used does not enter into the composition of this molecule. Similar compounds 
have been obtained by heating salts of basic cyanides of the amidone series (Blicke and 
Zambito, Abstr. llith Meeting Amer. Chem. Soc., 1947, 3K). An alternative structure 
(VILI) for the compound of m. p. 103° was considered improbable in view of the formation of 
the dextrorotatory isomer during the formation of (VIII) racemisation would be expected 


N-CHy 
NH cH, 
A—NMe A—N/ 
(vit) «Pace Ph, VIII) 
CH,CHMe CH,yCHMe 


Abnormal or particularly ready cyclisations affording five-membered ring compounds for 
gem-diphenyl compounds have been commented on elsewhere (Schultz, Robb, and Sprague, 
J. Amer. Chem. Soc., 1047, @, 2454; Wilson, /., 1948, 1993; Clarke, Mooradian, Lucas, and 
Slauson, |]. Amer. Chem. Soc, 1949, 71, 2821; Walton, Ofner, and Thorpe, J., 1949, 648; 
Dupré, Elks, Hems, Speyer, and Evans, /., 1949, 500). Experiments are proceeding on the 
independent synthesis of compounds of types (VII) and (VIII) 

The resistance to amidine and 4: 5-dihydroglyoxaline formation shown by the tertiary 
cyanides was possibly caused by steric factors. Normal reactions were observed only with 
those tertiary cyanides in which the a-carbon atom was contained in a piperidine or tetra- 
hydropyran ring 

The compounds prepared in this work, which combine features of the potent synthetic 
analgesics with the amidine and 4. 5-dihydroglyoxaline groups, are being assayed for biological 
activity. No outstanding activity has as yet been observed 


EXPERIMENTAL 


eC hlovobearhydryl ( yanide Boiling diphenylacetamide for 5—S hours with excess of thiony! 
chioride gave satisfactory yields of benzhydry! cyanide (Reid and Turner, /. Amer. Chem. Soc., 1948, 
70. 3515. Preeman, Ringk, and Spoerri, ti¢., 1047, 6B, 855 After prolonged boiling (30 hours) 
however, the product contained about 40%, of an oil. Removal of benzhydry! cyanide by low 
temperature crystallisation from light petroleum (b. p. 40-——60°) and distillation of the soluble fraction 
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we evil-smelling «-chlorobenzhydryl cyanide, b. p. 140°/1 mm. (Found: N, 615; Cl, 147. C,,H,NCI 
Sonten 1. O18; Gi, 15-6%). . al 
was boiled with water for 24 hours. The 
(b. p. 40-60") as white crystals, 
trated su — | a - was 
, 69, 790). , 


Aouyl-1-bonaylpiperidine (I; R=CN: R’ = CH — rapes 
(Hoechst) process (B.1.0.S. Final Report No. 766, cee Eset 2 eth Taian 

benzenesulphonate formed needies (from isopropanol), m 
Cy,H,,O0,N,5 requires N, 645%). 

Bensylds-(2 .—A toluene solution of the chloro-amine (described by Eisleb, loc 
ott.) was used in the ve process. Such solutions were conveniently assayed by adding saturated 
methanolic picric acid and the insoluble picrate. This formed prisms, m. p. 120-6— 
130-5", from acetone (Found: N, 12-15. C,,H,O,N,Cl, requires N, 122%). 


Alcohol 4-Cyano-4-phenyl-| -benrylpiperidine.— The cyanide (56-3 g.), water (6 c.c.) and sulphuric 
acid ans 02.) wan aes heated eng then with slow addition of absolute. ethanol (cf. op. cit., p. 62). 
The crade product (46 g ] was recrystalised irom water and identiied as ¢ phenyl: benryipipersine 
ee oe OTe prisms, m. p. 275° (Found: N, 80; Cl, 10-1. C,,H,,ON,CI requires N 
; Cl, 10-79%). 


Authentrc ma yt poe ae 8 pe nae -4-carboxyamide.—The 4-carboxylic acid (Eisleb, Joc. ot («.) 
was heated with excess of + ig nee ye rw plenary me ene vers Ly re The impure 
amide (1-9 g.; m. p. 92—97°) was filtered off and converted chloride in glacia) acetic acid 
into the hydrochloride, white prisms (from acetone), 27 on re with the 
materia] from the previous experiment (Found: N, #54). Achaiaes of the ammoniacal mother- 
Ve ekeetane careemamie 


1 cyano henyl propanes (V; R = Ms yes —The 3-dimethyl " 
fn (Clarke, Mooradian, Treas hom 
yy J. y as Chem. Soe., 


from ssgpropanol-ether| nd 
Soles (Eisleb, loc. =) Oeses: Cook, 
sulphonate, m. p. 105° (Found : C, 64-05; H, 7-1. C,,H,O,N,5 requires C, 


Arey pe ye l-eyano-1 : 1-ds ee —The base (Du Elks. 
J. 1949, 500) with toluene-p-sul; : acid monohydrate (1 diy yd - 
sulphonate, m. p. 174—175* (74%) (Found: C, 68-0; H,62. C,,H, 25 requires C, 68-8; H, 6-4 


( Dimethylamino-|-cyano-1 : 1-diphenylbutane (Il; R = CN).—The base has been ateiande 
dentcived (Bockssthl and Ekchart, Annaien, 1948, 661, 562; also Schultz, Robb, and 0, |. Amer 
Chem. Soc., 1947, 69, 2454; Attenburrow, Elks, Hems, and Speyer, /., 1049, 510). 
5% excess of hydrated benzenesulphonic acid in acetone-ethy! acetate, the benzenesulphonate 
obtained (65%). Crystallised from acetone-ethy! acetate, this had m. p. 158—150° (Found: N, 6-65. 
CyyHy,0,N,5S requires N, 6-4%). 


(+ neg oper t ney a — “Aimar Ch was resolved with tartaric 
acid (Walton, Ofner, 8 ee 949, 652; Buck otal, mer. Chem. Soc., 1048, 70,4195). The 
(+)-cyanide was converted into ese i lph Crystallised from methanol- 
ether, this had m. p. 154° (Found : ‘y 65. Calt.sOLN,S Ah 6-4%). 


N-Phenyldiphenylacetamidine,—Heating benzhydry! cyanide (7-6 g.) and anilinium benzene- 
sulphonate (10 g.) at 1956—200° for 4 hours, trituration with acetone, pane ny nen of the product 
13-5 76%; m. p. 164—167°) from isopropanol-—ether gave the amidinium benzenesulphonate, m. p. 
74— 76° ( ound: N, 63. CrstgOrNaS requires N, 6-3%). 


fal Go Ges celies C26; m. p. 156°), crystallising from aqueous 

p. 150° (Found: N, 9-8 CoH yp, req uires N, it After 16 hours 

in the air the crude material initial m. p 156°) had m. Pp. 1417-140°"(ahtinking at 135°). Crystallisation 

failed to restore the ma to tte evlginnl th. p- Tie doy matestl bonnet devtslanily dhengad whe 
ground with a spatula. 

(rene ot Aen em etry 4 Jiiek and Protiva, loc. cit.).—Benzhyd. 9 ¢.) 
and 2 te (31) were brated a 207 for 34 Dour and ee £2 
(2-05 g.) was i oF equate crystallised from aqueous methanol in needles, 
m. p. 143—145° (Fou ad N 12-06. aoe Ca N, 11-90%). fr The hydrochloride fy , Rive 
m. p. 133—138° ; , J. Amar. Chem. Soc G1. 3195, gives 19 formed 


from 182°, ome t 197° 
Fround N, 985. Calc. =o Se. eC: | 35%) (filek und Protive. lor cvs. ott., give m. p. 1 - 182° ; 
Ciba, Austrian P. 150,307, give 1 193°). 


Reaction Between 1-C. 1: rine eenaan wot ropnced Oy hye 21: |-diphenyipropens 
The HW aw ein the ylpropane 
Annalen, 1! 














a. 


inate Ye of ase, eae rocrytaind frm nous ethanol ar dig 
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ee ret ee oe Tyo kK 2. 2-yl) —4-Cyano-+- 
phenyitetrahydropyran (7 £ (Eisieb, ioc. cit.) and 


(®2 g.) were heated at 200° for 14 hours, then cooled, and triturated with acetone. Ted slid (13 6. 


5%; m. p. 260°) on recrystallisation from water afforded the intum toluene- 
sul p ab whine neatien, @. p. 263-264" (Found: N, 66 CL LO.N,b roneres N, 695%) 


salt was dissolved in water, excess of sodiam bh uide added (no precipitate), and the base (61 g-; 
m. p. 126-128") isolated by extraction with m. It was converted into the bydro- 
Lee prisms (from acetone-ethanol), m. p. 247—248° (Found: N, 10-5. ON Cl requires 
N, 108 


4 Phenyl-4-(4) S-dshydrogiyosalin-2-y!) iy 8 get R = dibydrogtyoxalin-2-y!; R’ — Ph).— 
4-Cyano-4-pheny!-1 methy!piperidine (10 g.) (E. , tec. cif.) in methanol-ethy! acetate afforded the 
bensenerulphonats (12-9 g.), prisms, m. p. 168- 168-5" (Pound: N, 796. C,,H,,O,N,S requires N, 
7-8%). saalt (364) and 2-amimoethylamr.aiam toluene-p-sulphonate (2-3 g.), heated at 200° for 
16 hours and then triturated with acetone, gave « salt (4-2 g., m. p. 246—260°), which was dissolved 
ia water, basified with sodium hydroxide, and exeracted with chioroform, to afford a base (1-5 ¢.; m. p. 
112114") which could not be satisfactorily recrystallised. The dihydrochloride crystallised from 
ethanol-cther in small priams, m. p. 336-337" (Found: N, 13-7. C,,H,N,Cl, recuires N, 13-3%) 


4 Phenyl \ At ipeaainioes "waant nm thee (1; R = dih jim-2-yl ; R’ « Me).— 
+-Cyano-4-pheny!- i- ee benzenesu te (43 «.) 2-aminoethylammonium 
taluene-p-sulphomate (2-3 g.) after Te hours at afforded a crude salt (3-0 g.; m. p. 171-175"), 
which was dissolved in water and basified with sodium hydroxide. The solid precipitate (1:3 g.; m. p. 
153-154") was recrystallised re ueous ethanol. The ditydroglyosaline formed prisms, m. p. 
156-156" (Pound: N, 13-2 G yy’ equires N, 131%); the diAydrochloride, — from 
methanol-ether, had m. p 215 Me ‘Fou N, 10-8 Cy Hy NC, requires N, 107%, 


5 [nalkylamino-N | 2-daphenyibuty 4 3-Limeth ylamino- |-cyano-1-pheny toluene- 
> oul te (2-7 «.) and ‘aniliniam toluene-p-sulphonate (2-7 g.) were heated for — at 200°, 
dissolved in water, and treated with aqueous ammonia to give a base (1-05 g.), m. p. 114-—116" 
Recrystallisation from benzene light petroleum (b _ -120°) afforded o 5-dimeth ylamino-amsidine 
as mall y needles, m. p. 123-5124" (Founc 7705; H, 65. C,.H,,N, requires C, 77-0; 
H, &2%). Similarly, 3-diethylamino-1 cyano-l- Bin 3 toluene-f-su onate (39 ¢) was 
converted into the 5-diethylamino-amidine (1-2 g), small crystals (from benzene—light _ jleum (b. p. 
106...120°)), m. p. 104-6-—15-5" (Found: C, 77-6; H, #8. ‘C,.H,,N, requires C, 77-8; H, 875%). 


2-(3. Dialhylamino - | -pheny: -4@ : 5- dihydrog!yoralines.— 3- Dimethylamino-1-cyano- |-phenyl- 
propane toluene p-sulphonate (3.6 g ) and 2-aminoethylammonium toluene-p-sulphonate (2-3 g.), heated 
at for 7 hours and then triturated with acetone, gave @ salt AS 95 g.; m. p. 223-224"). After 
recrystallisation from aqueous ethanol, the 3°.dimeth ne p- sul, honate formed needles, 
m. p. 233-234" (Found: C, 58-5; H,@3. C,,H,,O,N,S, requires C, 58-4; H, 64%). The free base 
was an ol. 











Similarly, 3-diethylamino.1-cyano 7g oe toluene-p-sulphonate (3-9 g.) afforded the 


3 dvethylamino acy p- sulphonate (3 prisms m. p 127°, from isopropanol-ether (Found: C, 
58-86, 500; H, 66, 68. CyH,.O,N,S, requires C, 50-7; H, 68%). The free base was an oil 


Reaction between (| +)-3-Dimethylamino-l-cyano-| : l-diphenylbutane and Ethyienediamine.——The 
(+)-cyanide benzenesulphonate (11 g.) and 2-aminocthylammonium toluene-p-sulphonate (5-8 g.) were 
heated at 200° for 27) hours. Trituration with cold acetone gave a crystalline salt (275 g.; m. p. 184— 
189°), which was dissolved in water; the base (1:5 g.: m. p. 100-~-102°) was precipitated by aqueous 
sodium hydroxide. Several crystallisations from cous methanol afforded (+)-2-imino-3 : 3-di- 
phenyl-l Re 4g as priems, m. p 103", becoming white and ue when dry (Found 
C, 82-3; H, T; N, 104, Cyl N, requires C, 81-9; H, 7-6; N, 10-6%) The compound was not 
acetylated by acetic anhydride in pyrudine and was largely recovered unchanged after prolonged boiling 
with concentrated hydrochioric acad, ot with potassium hydroxide in ethylene glycol. 


Reaction between the | +)-Cyanide and Ethylenediamine.—The above reaction was repeated with the 
dextrorotatory cyanide. The resultant crude salt (2 ¢.; m. p. 150-160") was converted into the 
+)-pyrrolidine (1-3 ¢.), which crystallised from aqueous methanol in needles, m. p. 130°; [a)}) + 157° 
«, 120 im methanol) (Found: C, 821; 824; H, 605; 706; N, 10-75%). The compound was 
unchanged after treatment with acetic anhydride in pyridine. 


The author is indebted to Dr. D. A. Peak for valuable discussion and particularly for suggesting the 
initial experiment in this series 


Ressarce Laporaronrrss, 
Boors Pure Deve Co. Lrp., Norriwonam. 
Tee A. B. Hitt Laporarontes, 
Tas Univeasrry, Enceaston, Bieminonam, 15. [Received, May 13th, 1950.) 
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448. Magnetochemistry of the Heaviest Elements. Part I. A Sensitive 
Magnetic Susceptibility Balance for Small Samples. 
By J. K. Dawson and M. W. Listen. 
bilities may be measured on 


the susceptibility ter ney sample of specific susceptibility 
lx we measurable to 05%, The balance us convenient for genera! susceptibility measure- 
AB ithe eng = yee Mey oe sy san 


IxvestTiIGaTion of the magnetic properties of compounds of the elements beyond actinium calls 
for the development of a balance for use with samples of the order of a milligram. When the 
sample is a solid, such measurements cannot be made by the Gouy method. The non-homo- 
geneous-field method of Faraday has been described 
in various modifications, but in general these have Fre, 1. 
not been devised for very small samples. The inter- 
ference balance of Bathnagar and Mathur (PAil. 
Mag., 1929, 8, 1041) can be used with small samples, 
but is more elaborate than the present method and 
is not particularly easily adapted to measurements 
over a wide temperature range. Temperature con- 
trol of the sample is easier when the measurements 
are made by a vertical-force method, as in Suck- 
smith’s balance (ibid, p. 158) and the present 
apparatus 
The balance now described consists essentially 
of a quartz torsion fibre microbalance by means of 
which the changing force on the sample under 
investigation may be measured as the magnet poles 
are moved vertically past the sample. Since the 
sample is small compared with the magnet, the 
accuracy of the method is not dependent on vari- 
ations in the packing density. As, moreover, the 
measurements are all relative to a standard sub- 
stance, extensive mapping of the field in the vertical 
direction is unnecessary and mapping in the 
horizontal plane is avoided by careful alignment 
of the sample with respect to the magnet pole- 
pieces, as described below. 
The magnetic force as measured per mg. of 
sample is comparatively high in the present method 
This force depends, of course, on the dimensions of 
the pole-gap as well as on the strength of the 
magnet; the former cannot be made too small, 
primarily because the apparatus for temperature 
control must be accommodated, and, secondly, 
because if the field gradient is too steep the align- 
ment of the sample becomes too critical. With a 
magnet of maximum field strength about 2500 gauss, 
and a pole gap of 28 mm., the difference between 
the maximum and the minimum force on the sample 
is about 3 x 10* times its weight for a g.-sus- 
ceptibility of | x 10*. Consequently the force on 
a 5-mg. sample of a moderately paramagnetic sub- 
stance is of the order of 10—100 yg. and the neces- 
sary accuracy was made possible because the balance sensitivity was about 0-0! 
layout of the balance is shown in Figs. 1 and 2. 
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eliminate back-lash, has a ratio of 20: 1 and carries on its other axle a dial divided i 
the full circle. Thus 8000 scale divisions are equivalent to one revolution of the end 
in turn corresponds toa of weight of 60—~70 pg. The exact calibration 
cular torsion fibre in use, of course, t the average fibre could be turned throu 
way from the relaxed position without breaking. corresponding to full scale 
centre of gravity of the beam may be adjusted by bending the rod F. 
comple fo chatained is = fused quarts buchet C, 5—6 mm_ long and of about r- internal 
° a fused quartz fibre handle and ded from the beam by a 10-p. fibre D; it is 
‘ounter 1 gp war aggre. reer raat cette the beam. 





in principle to that described Kirk, Craig, Gullberg, and 
by te hemes a 


Pro, 2. 
Susceptibility balance, ude mew 


a he 


oT tT 3c 


With relatively smal! loads, the angular motion of the beam caused by turning the torsion head is 
©- 11 minute of arc per scale division. After magnification, the relative motion in the eye-piece appears 
to be about 0-15 mm. per scale division; this figure is reduced by perhaps 50% for the largest loads used. 
Ideally the angular motion of the beam should be sufficient, therefore, to permit weighings to about 
2 scale divisions or 1.6 = 10°*g. This is actually found to be the reproducibility of any one setting, but 
other, more important errors exist, as will be shown below. 

The Case.—-The balance, and the optical system, with the exception of the viewing microscope, are 
attached to a thick brass plate G enclosed in a brass box, which in turn is surrounded by a wooden 
case H. Glass windows are inserted in the top of the boxes for the illumination of the index fibre. As far 
as possible, the inner box is made air-tight, leakage around the torsion head being prevented by the 
ground joint U The assembly stands on four substantial brass legs attached to a base plate which also 

yports the screw device / for raising and lowering the magnet in the space between the balance legs 

Vibrations of the beam are rapidly mee by air resistance, and the balance can be operated on an 
alae laboratory bench. a concrete pillar is not necessary 


The Magnet The magnet / is of a permanent magnetron type with a field strength at the mid-point 
between the poles of 2500 gauss. It bas parallel circular ee faces P, 31 mm. in diameter and 29 mm 
apart. For normal operation the maximum vertical travel of the magnet needs to be about 6 cm 


Temperature Control —Control of the sample temperature is obtained by a set of interchangeable 
jackets emall enough to fit between the magnet pole faces. All the jackets have an inlet M for dry 
nitrogen, which is used to surround the samples for all measurements 


The sample can be maintained at 20° by a water jacket K containing water circulated from a 
thermostat. A tube just wide enough to fit round the freely suspended sample and immersed in a 
Dewar flask is used for liquid oxygen and solid carbon dioxide. A thermocouple L is incorporated in the 
tubes just below the sample. For temperatures up to 300° an electrically heated oven is used. This is 
of glass, wrapped in copper foil, with a non-indactive by rp pens the foil and insulated from it by 
asbestos paper. The winding is tapped at the centre so that the upper and the lower half of the furnace 
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Heat insulation on the outside is provided by more asbestos, and the 
inlets about 1 cm. above and below the sample mlny ae Each jacket 
a sea! with the case is effected by the rubber gasket 


susceptibility y in a field of strength H, where s measures the position of the 
> in a vertical divection. A pick of F, mscasured in balance ecale divisions, 
maximum and a minimum (Fig. 3). 


Scale reading 


g 


‘ ‘. 


7 se 
Sample length (mm). 








/ 


* Magnetic effect on the sample compared 
with zero length (°,) 


gare 
‘8 6 2 32 40 44 
Position of sample with respect 
to magnet (mm) 











musceptbuity 9 eet te 
the same magnet positions, 
subtracted from those of the ple plus to g 
values of the maximum and minimum on the sample curve are then obtained 
between them, in scale divisions, is used to calculate the ta 
made relative to a standard substance, a canal - 

(s, ~ ant _ 

“~ ss 
where, x, ~ §.-Susceptibility of the standard, s,, ~ os magnet forces on respectively (i) ine on 
plus container, (ii) the standard plus container, tty iii) the empty container, m,, mig, my = 
respectively of (i), (ii), and (iii). 

Since the method depends on c the magnetic effects on a and on the standard when 
placed in the same magnetic field, it is pertinent to enquire how the posftion of the pi 
container must be from one measurement to the next 

An experiment with a small of ferrous ammonium showed that the magnetic force 
differed by less than 0-9% over all izontal positions within | mm. of the centre of the field. 
moving the magnet the sample is always aligned to within 0-1 mm. of the centre (measured by a travelling 
microscope) so that errors from this source are negligible. 

The alignment of the sample in the vertical direction introduces two ble errors: (i) the length of 
the sample may not be very small relative to the distance over which H dH /ds is sufficiently close to its 
maximum value, and (ii) the sag of the torsion fibre under different loads may mean that readings on the 
sample plus container and on the container alone are not made at precisely the same place 





is given by : 
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(i) The correc tion for the finite length of the sample was found 


(ti) The sag of the torsion fibre increases container is loaded. Direct 
measurement showed that thus introduced no oe eeey scale divisions) into the determination 
of the magnetic force on the sample alone. 


Gorke ¢ means Examination of the accuracy of the measurements yielded the following 


(1) With the magnet removed, the torsion head was repeatedly turned away from the nul! position 
and brought back again. The root mean square deviation (¢) of the readings of the null position was 
about | scale division under a |l-mg. load, and 2-0 scale divisions for a 20-mg. load. 


(3) A of © 5.W.G. platinem wire (86-9 pg.) was weighed repeatedly on the balance. This was 
done at parts of the torsion head scale by changing the counterweights and also with different total 
loads on the balance. No detectable difference in sensitivity was found for various parts of the scale up 
to 34 Sbre revolutions from the relaxed position. It was found, however, that the sensitivity varied 
slightly with the load as shown below 


Total load, mg . 
Kelative sensitivity 
@, ale divisions * . 
No. of weighings 


* @ = root mean square deviation in weight found for platinum wire; this weight is the difference 
of two dial settings 8000 scale divisions — | fibre revolution = 70 pg. 


The @ for the mean relative sensitivities is 60-0003. The change in sensitivity for the operating region 
of the balance (20-30 mg.) was so small that it was ignored. 
(3) A sample of a paramagnetic substance (uranium dioxide) was placed on the balance and, with the 
, the maximum amd minimum forces due to the magnet were measured in the usual way. 
The same sample was measured ten times, and over different regions of the scale by altering the counter 
weights. The load in each case was about 25 mg. the results for 3 different samples were : 


ees in scale divisions 
oihincenan, % 


It was found that merely taking the sample on and off the balance and adjusting the magnet if 
necessary, but not altering the counterweights, gave a much smaller deviation. It will be seen that 
altering the counterweights causes a sharp rise in the experimental error, the reason for which is not clear 
Part of the extra rise with magnetic measurements is because the maxima and minima are found by 
graphical interpolation from 56 or 6 readings at successive magnet positions, and it cannot be claimed that 
these interpolations are better than + 5 scale divisions for the larger values of the differences. 


As regards the total error of the measurements, equation (1) above leads to the following expression, 
“approximately, for o, the r.m.s. error in y, 
* 1 (as,* + 8) 1 { * + on") , 1 (om,* + yo) 4. 1 (omy? + omy”) in 
[2]"- ", 3 — 5,)* ’ ™ is a set m, (m, — m,)* ti (my — m,)* "7 


where the subscripts to the various « show the quantities to which they refer, and =, and nm, 
are respec ~— — number of measurements on the unknown and on the calibrating substance. The 
errors in m,, "" depend on the microbalance on which these weighings are made, a good com- 


mercial mix a ould have mean weighing errors not above 2——3 wg. in a sample weight of ca. 5 mg 
and a weight of standard substance of 2-3 mg. Thus even ifs, — =, — 1, the weighing errors are only 
© 15%, i.«., the o, parts of (ii) above are about 2-5 «x 10°. In most cases the weighing error should be 
lens than the errors in magnetic measurements. @, is about 15 as 5, was about — 2500 (the container of 
course is diamagnetic), and ¢, and ¢, are between 20 and 25 for reasonable sizes of samples. In the case 
of the very paramagnetic ferrous ammonium sulphate 5S, — S, was about 10,000 scale divisions per mg., 
and for a 2-5-mg. sample the second term on the right hand side of (ii) becomes 1 x 10* x. he first 
term on the right hand side je of (ii) is in general the largest - if 10 mg. of a compound of y - t x 10° are 
weed, S, S, « 370 «4 proximately, so that S, is about 1250. If we ~ %, = a, = 15, this term in 
(ti) equals 32 « 10°*. With these values, and ifm, = 9, « 1, oy/x = 06% ut of course, a number of 
calibration runs was made and #, does not need to be large for o,/y to be considerably below 0-5%. The 
accuracy for compounds of high susceptibility is considerably better, of course. These estimates naturally 
include only the random errors of the instrument, though the method is sufficiently simple to make it 
improbable that other large errors are involved and the estimates agree _— well with ment. It 
should however be noted that y,. the susceptibility of the standard substa destmews. Tho 

chief dangers are ferro-magnetic impurities, and if only eiaunatieand dies ma aanieaner tie 
magnetic measurements themselver; they have to be avoided by careful preparation and analysis of both 
the standard substance and the unknown. With two permanent magnets cf different strengths or with 
an electromagnet it is possible to be sure that y is independent of H. 
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449. Magnetochemistry of the Heaviest Elements. Part II. 
The Oxides of Uranium. 


By J. K. Dawsow and M. W. Lisrer.* 


Measurements have been made of the magnetic susceptibilities of UO, and intermediate 
oxides up to U,O, over the approximate temperature range 90-—570° K and the results have 
been correlated with tensimetric and X-ray studies of this system. Oxides between UO, and 

follow the Weiss-Curie law with high values of A, and the susceptibilities are consistent 
the view that these oxides contain quadri- and sexi-valent, but no quinquevalent, uranium. 


The magnetic moment of UO, has a value corresponding to a 5/* (or . 6d") rather than a 64° 
electronic configuration. . 


Above UO,, there is a two-phase region; reproducible oxides in this middle are 
difficult to obtain and give susceptibilities which do not follow the Weiss Curie law. The exact 
upper limit of the two-phase region was not defined. It is necessary to express the 
susceptibility-temperature behaviour of U,O, in the form (y — 4)(7 + A) = C. U,O, hasa 
magnetic moment much below that ted for UO,,2U0,; the moment agrees more nearly 
with that of U,O, UO,, but this requ a rather low value for quinquevaient uranium 

The susceptibility of UO has been mennuved | in UO-UO, mixtures. 


A stupy of the oxides between UO, and UO,., by means of X-ray-diffraction measurements and 
observation of the kinetics of oxidation has been reported recently by Anderson and Alberman 
(J., 1949, S 303). They find that UO,, which has a fluorite-type structure, will react with oxygen 
at moderate temperatures up to a composition about UO,., while retaining the same structure 
and with very little change in cell dimensions. Further oxidation at temperatures below 
230° c. leads to oxides with a composition up to UO,.,; these oxides have a tetragonal structure 
with a c/a ratio quite close to unity. The low-temperature oxidation stops at UO,.,, but, when 
heated, the latter substance disproportionates into UO,., and a U,O, phase. The U,O, is also 
stable over a range of compositions, extending downwards as far as U,O, according to Rundle, 
Baenziger, and Wilson (J. Amer. Chem. Soc., 1948, 70, 99). A two-phase region probably 
extends from UO,., to U,O,. 

It was thought that magnetic measurements would be of use in interpreting the changes 
involved in these oxidations. In particular, it should be possible to deduce whether quadrivalent 
uranium is replaced by quinque- or sexi-valent uranium as the oxidation proceeds. In addition, 
the susceptibility—temperature relations should be of interest, as this is a good example of the 
progressive dilution of a paramagnetic ion in a regular and more-or-less constant crystal environ- 
ment. Finally, the magnetic measurements might also help to fix the boundaries of stability 
of the various phases in the uranium oxide system; this is dificult with X-ray measurements 
alone since subsidiary phases existing in a sample in proportions less than about 5% can remain 
undetected. 





EXPERIMENTAL. 
ee ee ean aan Geek 1 
paper), the sample size being in the region of 2—10 mg quunees of eupesimnentel esver xe diesessed 
ina paper | The sect moon aquave ervere of the sussaptibiiities given below are extimated to bo between 
oO 
The IG, wane pene cerpmnanetel arate oul Same ene Seeman sources of error from impurities : 
traces of ferro-magnetic impurities and the products of arta exit. Since the susceptibility 
one strength ferro-magnetic 3 
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po mry ome of the U,O, 
improbable that imaparitios : 
then 


used in t X-ray investigations (loc. eit.) 


Measarements on UO-UO, Mistures —The mixtures were made as follows. Uranium metal, obtained 
in « finely divided state by heating UH,, was allowed to react with an amount of oxygen insufficient to 
convert it into UO, and the product was heated to about 2000° in a vacuum furnace. of the uranium 
sintered to a bead of which effectively removed it from the reaction zone, but part formed UO 
according to the reaction, U + UO,— > 200 The product was passed through a 200-mesh sieve 
and washed with dilute hydrochioric acid which dissolved the remaining metal but not the UO and UO, 
After washing and drying of the product, no metallic beads could be observed in the oxide mixture under 
& microscope. The composition of the samples used for measurements was determined 
after the latter by measuring the increase in weight on tien im air to U,O, The magnetic 
susceptibility of the U,O, so formed was measured also and was identical with that of the U,O, produced 


by oxidation of the pure UO,: this served as a check, both on the completeness of the oxidation and on 
the purity of the sample 


Taste I, 
Sample A. Mean composition UO, .,, 


Mean composition 


wo 
477 
197 
10-20 
oo 
13-08 
» 
13-71 { 442 
203 
695 
197-5 293 449 
833 «641 475 
Temp., * wm 198 349 
1oex 11-52 700 2 535 
Temp.. * w 197 398 
1oex 931 587 3-63 
Temp 9 197 447-5 
10ex S76 SS . 3-23 
Temp we 195 449 
14x 590 3-87 2-2 
Temp 202 «4276-5 i 3M 
}0ex 289 8=©62:-75 ‘ 234 
Temp Co 197 447 
Lox 328 62.09 1-29 


From the susceptitility of the samples the sux eptibility of UO (see Table I) was calculated by 
assuming that the samples were simple mixtures of UO and UO, obeying Wiedermann’s law, i.¢., by 
sabtracting the susceptibility of UO, at the corresponding temperatures interpolated from the results on 
pure UO, Thus in the first —_ the mean composition was UO, ,,, so that 1 g. of the mixture contained 
0853 ¢ of VO, and 0-147g.0f UO. IfX, is the ¢.-susceptibility of the mixture, 

Xq = O85 go, + 0: 147% p09 
oF Xgq ~ 680K, —5- BOX po, in sample A 
and Xgo ~ 6-33X%,, — 5. 33Xpo, in sample B 
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The calculated susceptibilities for UO are su t to relatively large errors, any error in X,, is magnified 
6— 7 times in Xgo. An error of 0-01 in the U : O ratio gives an error of about 6-45 in this region in the 
constants of the equations used to calculate %go, and hence an error of about 0-15 in Xp9. Consequently 
the accuracy of the results for UO is not better than about + 5%. 

The results were corrected by 43 x 10°* mole for the diamagnetism of the ox and also of the 

ulated to Angus, Proc. Roy. Soe., 1932, A, 
. the results seemed to follow the Weiss- 
aq pa 276, 4 = 286". If all the four 
electrons of the U(1]) ions are in the 5/ shell couphng, the moment may be calculated as 
2.68 Bohr magnetons closeness of this measured values is probably coincidental, however, iv 
view of the high magnetic concentration of the 
Normal L-S cow and a 6¢* configuration leads to a calculated eflective moment of 0-00, while the 
spin-only value is 4-90. The measured value lies between these extremes and might be interpreted as 
a on ee of the 6d but more accurate and more numerous results are 
t before any cuSKIOn Is ible. 

Measurements on Oxides between UO, U,O, —Table II gives the g -susceptibilities measured, no 
diamagnetic correction having been applied 

At the end of each series, the sample was returned to 293° kK. and that measurement was repeated so as 
to detect any oxidation. In the cases where the measurements are not given to the highest temperatures, 
this usually means that oxidation by residual! gen in the balance case set in. This could be detected 
by steady drifting of the balance to increase in weight, and when the 293° Kk. reading 
was repeated the susceptibility was lower that of the original sampic 


Discussion. 


The Magnetic Moment of UO,—From the above results, the magnetic moment of UO, is 
found to be 3:11 Bohr magnetons and A = 2195" x. by the least squares method. After 
correction for the diamagnetism of the oxygen and uranium atoms, the respective values become 
p = 3°20, 4 = 233° for the U(IV) ion. 

Apart from the observation that the susceptibility-temperature relation follows the Curie— 
Weiss law, these results are not in close agreement with those published previously by other 
authors. Thus Wedekind and Horst (Internat. Crit. Tables, Vol. VI, p. 359) give %,.. = 
75 x 10°, and Sucksmith (Phil. Mag., 1935, 14, 1115) obtained results which give A = 310°, 
= 4°36 Bohr magnetons. Haraldesen and Bakken (Naturwiss., 1940, 28, 127) find A — 180°, 
wp = 2-92. 

For two unpaired electrons, as is the case in the U(IV) ion, the various electronic possibilities 
and their corresponding theoretical magnetic moments are given in Table III 


Taste II, 
Moment (Bohr magnetons) 
Configuration Ground state L-s coupling Spin only jf coupling 
hed 
6d? 
5f 6d" 





In view of the high magnetic concentration in the oxide lattice one would not expect to find 
that experimental values of the magnetic moment of the U(IV) ion would agree with either of 
the two possible extreme theoretical values of 3°58 and 1°63 based on the assumption of no 
interaction between the ions. It is also probable that the experimental moment would not 
correspond exactly to the “ spin only " values of 2°63 Bohr magnetons since the lattice symmetry 
of UO, is cubic, and Bethe (Z. Physik, 1930, 60, 218) has shown theoretically that systems of 
cubic symmetry will not remove all the degeneracy. The actually determined value of 3:20 
Bohr magnetons indicates that the electrons are in 5f (or possibly 5/6d) states and that partial 
quenching of their orbital contributions occurs, the screening effect of the outer electrons being 
much less effective than in rare-earth ions. It is interesting to compare these results with those 
of Elliot (Physical Rev., 1949, 76, 431) on UF,. Fluorides are generally considered to be similar 
to oxides as regards magnetic concentration, and the moment of UF, is 3°30-——also higher than 
any value to be expected from a 6d* configuration. 

The Region UO, to UO,.,.—UO, and the intermediate oxides up to UO,., obey the Curie— 
Weiss law with reasonable accuracy over the temperature range studied. The values of A are 
all positive and comparatively large. The susceptibilities were corrected for 
(method of Angus, loc. cit), the values used being —11°25 x 10° per g.-ion of O~ and 
—31°5 x 10° perg. of uranium. These corrections are comparatively small and do not disturb 

7a 
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the adherence to the Curie-Weiss law. They do alter the values of 4 and C somewhat, as may 
be seen in Table IV which gives the values of A and C in the equation (7 + A) = C, calculated 
on ag basis. It is usual to calculate from susceptibility data an effective moment for the 
paramagnetic atoms or ions by the equations 

Xe = Nu B/BK(T + &)) 

wee, ~ 248Y ET FH) 


Except for UO, itself, the difficulty is to know whether to calculate a mean magnetic moment 
(assuming all the uranium atoms to be equivalent) or to make assumptions as to the different 
species of uranium ions present. In the latter case three possibilities arise ; (i) U(IV) and U(VI), 
(i) ULV) and U(V), (ii) U(TV), UV), and U(VT) 

Ignoring for the moment the question of resonance, we may assume, as a first approximation 
at least, that the susceptibilities obey Wiedermann’s law of addition. U(V1), whether as UO,** 
or U**, may be taken as diamagnetic and its contribution to the susceptibility disregarded for 
the present purpose. (This ion is sometimes reported as having a temperature-independent 
paramagnetism but this is still relatively quite small.) Consequently, under assumption (i) 
above, % should be approximately constant in the various compounds of composition UO, ,, for 
quantities of material containing 1 g.-mol. of U(IV), or 1/(1 — #) g.-mol. of U atom. The 
calculation of susceptibilities per g.-mol. of U(IV) from the results in Table II leads to the values 
quoted in Table V. The points obtained by plotting 1 /% against T lie very close to a straight 
line for each compound and lead to the following effective moments defined by py = 
2aaVZ0(IV) . (7h + A) 

+a) «nu. ones 200 2-06 211 2-18 2-25 2-30 

GA Sevdeteineesdictemnbibeesecorcese 320 313 309 301 2-07 2% 


Thus, while at room temperature there is reasonable constancy for yU(IV) (italicised values in 
Table V), sufficient to suggest that (i) is the right interpretation of the uranium valency states 


Tassie IV. 
(2 + 
A, 
ay 
c 1-282 1-221 1-193 1-129 1-106 


(2 + *) & the oxygen constituent of UO,,,. A, is uncorrected for diamagnetism. A, is corrected 
for the diamaguetism of the oxygen and the uranium 


Taste V 
x per U(IV) x per U(IV) 
corrected for for 
}, diamagnetiem, 
~ 
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present, this is to some extent a combination of two opposing variations in wy, and A. This 
point will be discussed in more detail later. 

Because of the lack of experimental data on the magnetic moment of U(V) and the uncertainty 
regarding the amount of coupling, it is difficult to test assumption (ii) quantitatively. Qualit- 
atively, however, it appears that assumption (i) is in better agreement with the facts. 

In connection with assumption (iii), the equilibrium 


UAV) + UV ee UY. eee ee @ 


would involve only an electron transfer. Since UO, is a semi-conductor, an equilibrium distri- 
bution of electrons between the uranium atoms in the several valency states must be attained . 
however the proportion of U(V) appears to be too small to contribute substantially to the magnetic 
measurements. The reason may be that U(V1) is invariably stabilised by covalency and it seems 
probable that the extra oxygen in these intermediate oxides would be linked by predominantly 
covalent bonds. 

The Decrease in cg per U(IV) with Increasing Oxygen Content.—As shown above, while the 
composition moves from UO, to UO,.,, the effective moment of U(IV) decreases from 3°20 to 
2°04 Bohr magnetons. 

UO, has the fluorite structure, and extra oxygen is almost certainly accommodated in 
interstitial (},0,0) positions. For a number of reasons, ¢g., the general chemistry of U(VI) 
compounds, the polarising effect of U** ion, the dimensional constancy of the cubic UO, ,, phase, 
it can be argued that the interstitial oxygen is so bound as to approximate to UO,** (or UO**) 
groups in the structure. The dissymmetry so produced in the electric field of the crystal lattice 
would increase the quenching of the orbital angular momentum. This could account for the 
reduction in effective moment of the U(IV) ions, though the magnitude of the effect cannot be 
exactly computed. 

Systems in which the contribution of the orbital momentum is suppressed usually obey the 
Curie-Weiss law %(T + A) = C with appreciable values of A. Table IV shows that the A values 
in the combounds under discussion are ali large and positive. The Weiss theory of the internal 
molecular field can be shown to lead to a regularity in the behaviour of A similar to that found 
experimentally. According to this theory the atoms are assumed to be subject, in addition to 
the externally applied field H, to an internal field proportional to the mean resultant moment of 
an atom as a result of the orienting effect of H. If the atom has total angular momentum /, the 
resultant expression for 4, is 


NIU. + Vgtna® i 
te NE x ey a -. @ 


where N = Avogadro's number, g ~ Lande’s splitting factor, pg = the moment of the ion in 
Bohr magnetons, k = gas constant, v — a constant, characteristic of the internal field, and 
n = the number of atoms per c.c. 

The total internal field is taken to be F = H + ni where Wi is the average moment. 





et. aoe Nee ies 


where V = molar volume of | g. of U atoms, i.¢., V/(1 — #) = molar volume of the U(IV) atoms 
in UO,,,. The result (iii) is obtained by assuming that the crystals have a perfect cation lattice ; 
for a perfect anion lattice the expression for A becomes 


wil — «) 
“Vil+0ls) * * Pee Se 


since V(1 + 0-5x)/(1 — x) is now the molar volume of U(IV) atoms. It is evident that equations 
(iii) and the general form of (ii) are unaltered if only the spin moment is effective (J becomes S 
and g = 2). The applicability of (iii) or (iv) may be tested by examining the constancy of v 
calculated from the data obtained. The X-ray data and the mode of preparation make it 
probable that (iii) should apply to these lower oxides (Anderson and Alberman, /oc. cit., from 
which source the cell dimensions were also obtained). The results for the compounds expressed 
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In view of the expernmental errors, these values of v are reasonably constant: the negative sign 
arises from the fact that these compounds have an apparent negative Curie point. The constancy 
of v shows that 4 arises from some (unspecified, as yet) interaction between the U(IV) ions and 
that this interaction makes them /zss liable to mutual alignment in the external field H. The 
interaction is proportional to the number of U(IV) ions per unit volume and presumably it must 
be of an exchange type in order to account for the large value of »—magnetic interactions are 
much too small. 

Note on an Annealed Sample, UO, ,, —According to Anderson and Alberman, oxides in the 
range UO,,., to UO,., on prolonged heat treatment disproportionate into a pseudo-fluorite &-phase 
of composition close to UO,, and a higher phase, U,O, or U,O,. A sample of composition UO,..» 
was found to yield pure §-phase on annealing thus. Magnetic susceptibility measurements 
vielded a A value of 152°5° and C « 1145. According to equation (iii) above, this compound 
gives a vy of —4010, whilst » from equation (iv) is —4300. The X-ray data suggest that 
annealed UO,.,, would have a perfect anion lattice and that equation (iv) should be applicable 
It is interesting to note that this is confirmed by the closeness of the value of v to those obtained 
for the unannealed oxides according to equation (iii). 

The Region UO,, to UVO,.¢,.—The oxides in the region UO,., to UO,.,, and possibly even 
further, are certainly mixtures. Furthermore, they are not necessarily mixtures of only the 
same two phases, since the lower phase may be UO,., or UO,., according to the degree of reorgan- 
sation of the crystal structure that has taken place before further oxidation. The upper phase is 
probably U,O,, but here again a range of composition is not impossible. Consequently the 
susceptibilities given in Table II for the oxides in this range have no very great significance, 
except to show that the range of stability of the UO,-type phase certainly ends near to UO,,, 
after which deviations from the previous regularities in susceptibility occur. These materials 
no longer obey the Curie-Weiss law, owing in part to their being mixtures of compounds with 
different 4 values, and also to the fact that U,O, itself does not obey the same law 

The susceptibility-temperature relation of U,O, very closely follows the form 
(.—k)(T + A) = C. The actual values, expressed per g., are 


x 6492 x 10°°)(T + 51-4) « 304 = lor? (v) 


The constant 4 is formally equivalent to a temperature-independent paramagnetism (as in the 
case of the platinum group compounds; Cabrera and Duperier, Compt. rend., 1927, 185, 414), 
of magnitude 133% =« 10° per g-atom of uranium, uncorrected for diamagnetism A 
temperature-independent paramagnetism has been reported for U(VI) compounds by several 
investigators (Lawrence, /. Amer. Chem. Soc., 1934, 54, 776; Nicolau, Compt. rend., 1937, 205, 
654; Tilk and Kiemm, Z. anorg. Chem., 1939, 240, 355; Haraldsen and Bakken, joc. cit.) 
Consequently, the effect is quite to be expected if the U,O, contains sexivalent uranium, although 
the magnitude is relatively large 
Using the equation 
» = 20V 8a sD) (vi) 


the effective moment of U,O, is 1°63 for a composition UO,,2U0, and 1:15 for UO,.,4U0, 
Both these values are lower than those calculated for two and one unpaired electrons respectively, 
although the value obtained for the U(V)-U(VI) combination agree most nearly. Consequently 
the structure of U,O, seems to involve a U(V)-U(IV) mixture; this agrees with the conclusion 
drawn by Haraldsen and Bakken, although they report that the susceptibility follows the 
Curie-Weiss law 

If A and C are taken from equation (vi) for U,O,, then v = AV/C = 10,200 when C is 
expressed per g.-atom of U(V). There is no particular reason why this should be the same as for 
UO,, but it is obviously of the same order 

Note on the Uniformity of the Sampiles.—-It is evident that if in a sample nominally taken as 
UO,., some of the grains are, in fact, UO,., and others are UO,, this would not easily be detected 
in the magnetic measurements. Relatively heavy contamination by an oxide of different 
oxygen content would have the effect of producing a curve in the 1 /%-T7 line, but the only real 
guarantee of homogeneity comes from the kinetic studies of the oxidation by which the samples 
were prepared (Anderson pnd Alberman, Joc. cit). The grain size itself, as shown by the electron- 
microscope is very small,’each grain containing about 10" unit cells. The activation energy of 
the oxidation is about 27 keals. and the temperature of preparation about 200° 

The oxidation is found to be rapid and the oxygen must diffuse into the cells since the surface 
area is insufficient for only superficial oxidation. Consequently, with these small grains and 
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the relatively easy oxidation, it seems reasonable to suppose that there wil] have been time for 
the oxygen to become distributed during the annealing of the samples 


The authors thank Mr. K. B. Alberman for providing the used for these measurements and 
Dr. J. S. Anderson for his interest in the work. They are to Mr. B. J. James for assistance in the 
experimental work. The paper is published by permission of the Director of the Atomic Energy Research 
Establishment, Harwell. 
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450. Complexes of Copper Phenylacetate and Diphenylacetate 
with Alcohols. 


By Matcotm CrawFrorp 


Copper phenylacetate and diphenylacetate are insoluble in benzene but dissolve readily 
when small amounts of other organic compounds, > pee alcohols, are added. This 
1s attributed to the formation of complexes, many of which have in fact been isolated in the 
solid state and studied. Suggestions are made with regard to their constitution 


Correr salts of many carboxylic acids are sufficiently soluble in benzene to impart to it a pale 
green colour. Only rarely is the solubility great enough to give a deep green solution. Copper 
phenylacetate, for example, is practically insoluble in benzene, but is slightly soluble in absolute 
ethyl alcohol (0°5 g. in 100 ml. at 25°). In the 

mixed solvents, however, the solubility is con- Fie. 1. 

siderably greater, reaching a maximum of 4°5 g 
in 100 ml. of 25% alcohol in benzene at 25°. The 
solubility curve is shown in Fig. 1. 

This behaviour indicates the likelihood of 
compound formation, yet when the solution in 
the mixed solvents is concentrated, the green 
needle crystals which separate on cooling consist 
of copper phenylacetate alone. The same effect 
is observed with other alcohols, such as n-propyl, 
n-butyl, and allyl, but in none of these cases have 
compounds been isolated. 

Solubility data for copper diphenylacetate are 
also included in Fig. 1. In this case the effect 
is still more enhanced. The solubility in the 
pure solvents is negligible, but in 17% alcohol 
im benzene it reaches a maximum of 10°6 g. in 
100 ml. at 25°. In addition to this, crystallis- 
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ation from alcohol-rich mixtures gives light-green 20 40 60 80 100 
octahedral crystals containing two molecules of fthy/ alcohol, %, in benzene 
combined alcohol. From alcohol-poor mixtures A, Copper phenylacetate 
dark-green needle crystals of copper diphenyl- B, Copper diphenylacetate. 
acetate separate. 

If the octahedral crystals are filtered off and stored in slightly damp condition they can be 
kept indefinitely, but on drying and exposure to the atmosphere they gradually lose alcohol 
over a period of a few weeks. When all the alcohol is gone the octahedral form remains intact 
but the colour has changed to a darker green. The solubility in benzene has also vanished. 
There would seem, therefore, to be little doubt that the enhanced solubility in the mixed 
solvents is due to compound formation. 

Most other alcohols tested behave similarly to ethyl alcohol Table I lists the compounds 
examined and the alcohols tested; some of these compounds were mentioned in a preliminary 
note (Nature, 1947, 160, 19). It will be seen that several primary alcohols, viz., n-propyl, ally! 
n-butyl, and isobutyl, form light-green octahedral crystalline compounds containing two 
molecules of alcohol similar to that formed by ethyl alcohol. All of them lose the combined 
alcohol within an hour at 100°, but at room temperature the allyl alcohol compound loses 
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weight more slowly than the otbers in spite of the similarity in volatility of ally! and the other 
alcohols. This compound is therefore more stable. 


Taste I. 


Compounds of copper diphemylacetate unth various alcohols. 
Compound 





Crystalline Mois. of com-- 
Alcohol form Coloar.* Stability bined alcohol 
Plates Dark Medium 1}—2 (variable) 

Octahedra Light oe . 


More stabie 
Medium 


ae No « ompound) 
Needles Very stable 
(No compound 


Prams Dark Very stable Indefinite 
Needles — es 1 
Rhombs Dark ie 

tert.-Amy! Needles . ms 

Triphenyicarbinol - (No compound) 


* Colour only recorded where markedly light or dark green 


In the preparation of the samy! compound appropriate seeding of the supersaturated 
solution will produce either solvent-free needles or octahedra containing only 14 molecules 
of the alcohol 

Neither of the larger primary alcohols tested, n-hexyl and n-octadecyl, was found to combine 
with copper diphenylacetate 

Benzy! alcohol forms a compound crystallising in needles. Its high stability may be due, 
at least in part, to the very low volatility of benzyl alcohol. The methyl alcohol compound 
is also exceptional in the crystal form, plates, and in its variable composition. 

Among secondary alcohols, isopropyl alcohol could not be induced to form a compound, 
whereas sec.-buty! alcohol gives a dark green compound of indefinite composition, containing 
about @6 mol. of the alcohol, and of such stability that the alcohol could not be driven off 
entirely even after many hours’ heating at 100°. cycloHexanol forms a 1:1 compound in 
needles, so stable that it required 7 hours at 100° to remove all the combined alcohol. 

The two compounds with tertiary alcohols which have been examined are of high stability. 
That with trt.-buty! alcohol contains two molecules of the aleohol (rhombs), and that with 
tert. -amy! alcohol contains only one molecule of alcohol (needles). Neither loses weight on 
standing in air’ No compound could be obtained from triphenylcarbinol. 

The solubility in benzene and other hydrocarbon solvents ought to allow of easy deter- 
mination of the molecular weight of these compounds. Difficulties arise, however, owing to 
the very low solubility in pure benzene. From the curves in Fig. | it can be seen that 1% or 
2% of an alcohol must be present in the solvent before the solute reaches a concentration 
sufficient to give a satisfactory depression of the freezing point. The combined alcohol is 
insufficient to accomplish this. Nevertheless it is possible to prepare supersaturated solutions 
by dissolving the crystals in hot benzene, then cooling the solution and determining the depression 
before solute crystals separate 

Taste Il 
Molecular weight of copper diphenylacetate-diethanol complex in benzene at the freezing point. 
Coenen. of substance, %, (ww 0-57 1-21 2.06 
A 0-080" 0-159° 0-247° 
Mul 358 356 426 


Cale. for C,,H,0,Cu,2C,H,0: M, 578 


It will be seen from Table II that the ethyl alcohol compound is dissociated in benzene at 
its freezing point. It is probable bat not certain that the compound contains one atom of 
copper in the molecule both in solution and in the solid state. The structure (1; R = Et) is 
suggested as probable. 
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The study of this senes of complexes may help to throw light on certain aspects of solubility, 
particularly solvation and solubility in mixed solvents. The 
sy insolubility of copper diphenylacetate in benzene is not 
ao O—C-CHPh, SUrprising. It is probably not so much due to the fact that 
ai 4 6 it is a salt as that it is associated in the solid state to large 
9 as I stable molecules, either by ionic forces or by co-ordinate 
Ph,HC<-——O > linkages, but certainly not by van der Waals forces alone. 
: R In the presence of alcohol, however, disaggregation to 
small molecules takes place because the monomeric molecule 
combines with the alcohol in preference to associating with itself. The resulting small molecules 
of the type (I) are soluble in benzene, as might be expected since the hydrophilic groups are 
screened by a hydrocarbon exterior and dissolve, therefore, like any hydrocarbon 

Work in progress (Nature, 1960, 165, 728) shows that isolable complexes with alcohols are 
formed by the copper salts of several other organic acids. No complexes of copper phenyl- 
acetate can be isolated although from Fig. | they obviously exist in solution. It is likely that 
the particular stability of the copper diphenylacetate complexes is due to the shape of the 
molecule, which permits small molecules to attach themselves by weak linkages and fit into 
holes in the crystal lattice. This would be impossible where RK in the alcohol ROH is too long 
or too bulky. The limit of length in this case would appear to be »-amy! alcohol, which is just 
too large to fill all the spaces available This does not necessarily apply in solution. Large 
alcohol molecules would still facilitate solution of copper diphenylacetate in benzene, but no 
stable crystals would be isolable, as indeed is found with »-hexyl and »-octadecyi alcohols. 
The very bulky alcohol, triphenylcarbinol, however, does not enhance the solubility of copper 
dipbenylacetate in benzene, presumably because for steric reasons it cannot form a complex 
even in solution. 

We have here cases of solvation where the actual number of solvating molecules can be 
assessed together with indications of the forces likely to be involved in the process, namely, 
hydrogen bonding and co-ordinate linkage aided by steric conditions allowing approach and 
assisting retention of the attached molecules even into the solid state. 

Compounds of copper diphenylacetate with various ketones, aldehydes, esters, and amines 
have also been isolated, and will be described later. 


EXPERIMENTAL. 


Materials.—Copper diphenylacetate was prepared by mixing equivalent amounts of A.R. 
sulphate and sodium diphenylacetate, both in aqueous solution. The bulky green precipitate was well 
washed, dried at 100°, and c ry stallised from benzene—ethy! alcohol (4: 1). After be: vmadhed. the 


needle 
crystals were dried at 100° (Found: Cu, 13-0,13-0. Cale. forC,,H yO Cu: Cu, 13-09 Copier phenyl- 


acetate was prepared in similar fashion (Found : Cua, 19-0, 10-1. Cale. for C,H, Ou 19-05%). 

The various liquid alcohols used were fractionally distilled, and a middie fraction selected. Triphenyl- 
carbinol and »-octadecy! alcohol were purified by recrystallisation. The compounds for examination 
were obtained by heating copper diphenylacetate with the alcohol in question, benzene added 
if necessary to effect solution. On cooling the solution the compound rated. In difficult cases 
most of the benzene had to be distilled of before cooling. The com were filtered off, washed 
with the alcohol and stoppered in tubes without drying Oceasionaly alcohol-tree copper diphenyl- 
acetate separated. The preparation was thereupon repeated more alcohol being used 

Methods.—The amount of combined alcohol was determined by loss of weight on heating at 100°. 
The initial dry weight of each sample was obtained by a process of ' continuous weighing “ (see Guichard, 
Bull. Soc. chom., 1944, 11, 63). A quantity of the su nce is placed on a weighed watch glass and 
weighed at regular intervals. The weight is plotted against time. In the curve (Pig. 2) the rapid loss 
of adhering alcohol is represented by an initial steep fall, then there is a sharp break followed by gradual 
loss of combined alcohol. The point at which the two parts of the curve intersect gives fairly accurately 
the original dry weight of the compound. From the second part of the curve the rate of loss of combined 
alcohol can be used to gauge the stability. 


All copper determinations were performed gravimetrically by means of salicylaidoxime. Volumetric 

were unreliable and required larger amounts of the substance. 

The solubility determinations were made by shaking excess of the substance with solvent in a closed 
vessel in a thermostat at 25° for one or two days or until two samples removed by pipette with filtering 
at one-day intervals agreed in dry weight after evaporation of the solvent. This method is sufficiently 
accurate for the purpose. 


Phenylacetate.—The determinations of rolubility in alcohol—benzene mixtures are recorded 


Veen ger empl seeeryap tela Meer separately with the following alcohols 
benzene where necessary: #-propyl, #-butyl, tert.- , allyl. On cooling, the 


crystals separated were filtered off, washed with the end subjected to «x 
closes calgon te aioe the tallied arp weleht ana than eared at ae feriot. ond eubtected $0 con- 
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yi alcohol, 063; #-buty! alcohol, 019; trt.-buty!l alcohol, 1-58; allyl alcohol, 376%. 

are very small and show that there is no combined alcohol in the crystals, but that the ally! 

is more adherent than the others. There is no compound with ethyl! alcohol, as the copper 
phenylacetate wes obtained trom that eslvent os already decried 


Fis. 2. 
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0 2 ~ 6 é 
Time, hours. 
A, Ethyl alcohol B, a-Propy! alcohol, C, a-Amyi alcohol D, n-Buty/ alcohol, 
Copper Diphenylacetate. The solubility determinations are recorded in Fig. 1. 
Compleres.—Analytical data relating to the complexes isolated are given in Table III. 


Taste III. 


Complexes of copper diphenylacetate with alcohols. 


Loss in wt. on heating, % Copper, ° Copper, %. after heating. 
Complex Found Reqd Foun d Found Reqd 
Inethanol 15-6, 16-1 15.93 11-4, 10-8 110 13-0, 12-9 13-09 


Li one 
Ditprop-3-enal 
Di-w-butanol 


4 


19-83 
19-30 
23-37 10-2, 10-4 10-03 


cw: 


23-37 
23.37 
21-38 10-29 
15-35 
17-25 
BOs 


14-2-methylpropanol 
Di-2-methy!-2-propanol 
Ss ai-s-pentane! 
2-Methy!-2-butano! 
Dieyslchenanol 


Bisphenylcarbinol 
Methanol (sesqui-d: 
Preparation A 9-00 
ose (1d) 
Preparation B 10-23, 10-24 11-65 
(2) 
2-Butanol 12-0 
* After standing for § months in contact with methanol 


2 tere 
seesosysseceo 
-> 


ied 
©- 


The following alcohols failed to yield compounds 

isoPropyl alcohol. On concentration of a solution of copper diphenylacetate in benzene—ssopropy! 
alcohol, fine dark crystals ——— (Found: Cu, 12-8; loss on heating, 1-67; Cu, after heating, 13-1 
Cale. for Cy,Hy,O,Ca Cu, 13-00%). The crystals were therefore copper diphenylacetate with a smal! 
amount of adhering solvent 

n-Heryl alcohel. A solution of copper diphenylacetate in a mixture of #-hexy! alcohol and benzene 
was distilled until most of the benzene had been removed. On standing for several days, green crystals 
of copper diphenylacetate separated (Found : Cu, 13-0, 13-0; loss on heating, 0-4,0-4; Cu, after heating, 
13-1, 131, Cale. for C,,H,,O,Cu > Cu, 13-00%) 

n-Octadecyl aleohol, Copper diphenylacetate dissolved in a heated solution of s-octadecy! alcohol 
im benzene. On cooling, the alcohol crystallised out together with a small amount of dark green need!es 
having the characteristic appearance of copper diphenylacetate 

Triphenyicardinol, A solution of triphenylcarbinol in benzene dissolved copper diphenylacetate 
only to the slightest extent 


Wieaw anp Disterct Mixiwe awp Trecwwicat CoLtiror Received, April \st, 1950.) 
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451. The Kinetics of Halogen Addition to Unsaturated Compounds. 
Part XVIII, Tlodine Addition. 


By P. W. Kosertson (with the co-operation of J. B. Burcuers, R. A. Dunnam, 
W. B. Hearty, J. K. Heyes, J. K. Jowannesson, and D. A. Tarr) 


This is 4 general revision of the kinetics of iodine addition, with a note on the equilibra in 
reactions. The rate of iodine addition over the concentration range that can be measured 
is given by the expression 
~G1,) (dt = Ay A)[1,)* + &,[A)[1,)* 
the first term being chiefly operative in solvents such as chlorobenzene, carbon tetrachloride, 
and carbon disulphide, and the socend term in isobutyl ether, acetic acid, and nitrobenzene 
solutions. With certain tic ds such as styrene and its derivatives iodine 
addition is accompanied by polymerieatioa. 


An earlier investigation on the kinetics of iodine addition (Bythell and Robertson, /., 1938, 173) 
established that these reactions, like the corresponding bromine and iodine chloride additions, 
showed third-order kinetics, with a small temperature coefficient in acetic acid and nitrobenzene 
solutions. Erroneous theoretical conclusions, however, were made from the measurements in 
carbon tetrachloride solution, chiefly as a result of confining the observations to a single com- 
pound, allyl alcohol, the behaviour of which is now found to be anomalous. In the meantime 
several communications on the kinetics of iodine addition have appeared. Bhattacharyya and 
Rao (J. Indian Chem. Soc., 1941, 18, 253), using 2-pentene and phenylacetylene as reactants, 
found third-order kinetics for iodine addition in acetic acid and ethyl alcohol solutions. Ghosh 
et al. (ibid., p. 245) state that iodine addition in carbon tetrachloride, carbon disulphide, and 
benzene solutions proceeds by a fourth-order mechanism. These observers, following Groh and 
Szelestey (Z. anorg. Chem., 1927, 162, 333), who had previously investigated erucic acid in carbon 
tetrachloride and carbon disulphide and found fourth-order kinetics, employed an elaborate 
formula, derived from the integration of the expression, —d{I,)/dé = 4,/A){1,)” — 4,[AII)(1,}, 
and obtaining constant A, coefficients for 6-amylene and pinene, concluded that the reaction 
proceeds, A +. I, g—* All + 21, 

We, on the other hand, have followed the simpler procedure of adjusting the concentrations 
with one reactant A in excess, to reduce the effect of the reverse reaction, and have evaluated 
the reaction order by measurements at different initial concentrations. To obtain the relative 
contributions of A and I, to the total reaction order, use was made of the formula : 





bait, = (ey/e,)*~* ("je") 


where ¢, and ¢, are the times of an equal fractional change of iodine addition, with concentrations 
¢, and ¢, for l,, and «’ and c” for A, » being the order for I, and #’ for A. The proposed formula 
holds only for the initial stages of the reaction, to ~10% iodine addition, over which range, as is 
found experimentally, the °% addition—time curves are approximately straight lines. 

Employing this formula, we have established that in polar solvents, ¢.g., acetic acid, isobuty! 
ether, chloroform, chlorobenzene, and nitrobenzene, the reaction order for the organic compound 
(A) is unity; in the non-polar solvents carbon tetrachloride and carbon disulphide, on the other 
hand, the value calculated for A is greater than one. This is not considered to be due to the 
participation of an addition compound, A,I,, in the reaction, because in such a compound the 
iodine would be unfavourably polarised for electrophilic attack; it is rather a solvent action in 
which the iodine molecule is polarised by the unsaturated compound, and is not found when the 
solvent itself is sufficiently polar. Another means by which the iodine molecule may be polarised 
is by a solid polar catalyst. With glass, such heterogeneous catalysis is slight, being not at all 
observable in polar solvents, and in carbon tetrachloride and carbon disulphide only at low iodine 
concentrations, as it is obscured at greater concentrations by the participation of high-order 
homogeneous reactions. The strongly polar barium sulphate is more effective than glass, and 
thus iodine addition is analogous to bromine addition, although the catalysis generally is weaker 
(cf. J., 1945, 509). 

As the result of a number of measurements, examples of which are given in the Experimental 
part, the rate of iodine addition may be shown by the general expression : 


—A(T,) /dt = &’A)(T,)® + AgfA)(T,)* 


In chlorobenzene, and in carbon tetrachloride and carbun disulphide (violet solutions) when 
the concentration of the organic compound is not too great, with iodine concentration ca. /50, 











2192 Robertson et al.: The Kinetics of Halogen Addition 


the first term chiefly is operative at 25°, whereas the second term is dominant in the solvents 
acetic acid, isobuty! ether, and nitrobenzene (brown solutions). The fourth-order reactions have 
4“ very small temperature coefficient, often not much greater than unity, whilst third-order 
addition is rather more sensitive to temperature. The reversible nature of iodine addition 
precludes the search for a second-order reaction at low concentrations. It is believed, however, 
that this mode of addition may not proceed, since on the addition of water to the solvent acetic 
acid (which for bromine addition causes a considerable increase in rate and a progressive change 
from third- to second-order kinetics) iodine addition is only slightly accelerated, and the reaction 
order remains unchanged 

It is apparent that, before it becomes reactive, the iodine molecule requires to be polarised, 
if not by a solid polar catalyst or a polar solvent, at least by another molecule of iodine, but it is 
not necessary to assume, as was done by Groh and Szelestey (Joc. cit.), that in the fourth-order 
reactions iodine reacts as I, molecules. Groh and Tacaaes (Z. physital. Chem., 1930, 149, 195) 
have shown that iodine does not obey Beer's law in carbon tetrachloride and carbon disulphide 
solutions, but this could also be explained as due to association to 1, molecules. On this 
assumption two alternative schemes are available for fourth-order kinetics : 


i@pA+t, Ge Al, Al,+i, = All + 21, 
WA+1, Ge Al,+t,: Al,+t, GR AN+!1, 

According to each of these the final reaction is the relatively slow rate-determining stage, 
but whereas (i.¢., during the initial part of the reaction) in (4) stationary concentrations are 
maintained, in (6) the intermediate, A,1,, accumulates as the reaction proceeds. Iodine addition 
in showing mixed third- and fourth-order kinetics is thus similar to bromine addition and 
substitution, which reactions have been discussed in previous communications (/., 1947, 633; 
1948, 101) 

The reason why the reaction order is less in the brown solutions, in which there is compound 
formation, is due to the fact that the equilibrium, 1, [—* 21,, is shifted to the right by the action 
of the solvent, which establishes a new equilibrium, 1, + 5 Z—* S$,1,. Two main factors appear 
to determine the relative rates of iodine addition in the brown solutions, compared with the 
reactions in a solvent such as carbon tetrachloride : (4) the polarity of the solvent which tends to 
increase the rate, and (6) compound formation (S->I-1) which would be expected to decrease 
the rate. In a solvent such as isobutyl ether the second effect appears to be dominant, and rates 
are considerably less than in carbon tetrachloride, but in the more strongly polar nitrobenzene 
iodine addition is more rapid than in carbon tetrachloride 

The compounds on which the above conclusions are based included hex-l-ene, pent-2-ene, 
cyclopentene, dec-l-ene, undecenoic acid, and oleic acid. With the concentrations examined, 
the iodine absorption at equilibrium was in the region of 90%, so that the influence of the back 
reaction is inconsiderable at the initial stages of the forward reaction. Other compounds, ¢.z., 
tert.-butylethylene, 2-methylbut-l-ene, trimethylethylene, tetramethylethylene, gave on the 
attainment of equilibrium at similar concentrations a lower iodine absorption, so that such 
measurements could not conveniently be used for fixing the reaction order, or for investigating 
the influence of constitution on the rate of iodine addition 

The reactions of the above-mentioned compounds appeared to give equilibria which changed 
in accordance with the law of mass action, and varied in a regular way with the temperature. It 
was concluded, therefore, that the iodine addition, the kinetics of which were being investigated, 
was free from any accompanying polymerisation. But such disturbing effect in certain instances 
was found to be very considerable; reactions were observed to proceed with a rapid initial 
absorption, to show a temperature coefficient less than unity, and to give equilibria which varied 
in an irregular manner both with concentration and temperature. The substances that show 
such abnormalities are chiefly aromatic compounds, with a phenyl or substituted-phenyl group 
attached to the ethwiene system, styrene, a-methvyistyrene, a$-dimethvyistyrene, indene, 
1: 2-dihydronaphthalene, and anethole 

Reference is now made to the catalysis of iodine addition. Nozaki and Ogg (J. Amer. Chem, 
See., 1942, 64, 713) claim that hydrogen iodide is a powerful catalyst in acetic acid solution, 
although this is not evident from their quoted results. On taking precautions to remove traces 
of oxides from the unsaturated compounds, and making measurements in nitrogen atmosphere 
to prevent oxidation of the hydrogen iodide, we have found that hydrogen iodide reduces the 
rate of iodine addition to oleic acid and styrene and, if in sufficient concentration, completely 
imhibits the reaction. This corresponds with the effect of hydrogen bromide, which reduces the 
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rate of bromune addition to compounds containing el tributing groups, although it has 
the reverse effect if electron-attracting groups are present (J., 1947, 630). Such a compound is 
propylpropiolic acid, and here there was found catalysis by hydrogen iodide, as hydrogen 
tn-iodide has become the nucleophilic reagent 

Nozaki and Ogg (loc. cit.) found that lithium chloride causes marked catalysis of iodine 
addition in acetic acid solution. We have confirmed this, and examined several other catalysts 
that are electrolytes in acetic acid (cf. table, J., 1949, 295). It was indicated that the special 
reactivity of lithium chloride, which was much greater for iodine than for bromine under similar 
conditions, might be due to the formation of iodine chloride. 

A preliminary examination has been made of the significance of the equilibria in reversible 
iodine addition. For the actual determination of the equilibrium constant of the reaction, the 
concentrations of the reactants were chosen to give approximately 50% iodine absorption, under 
which condition the experimental error is at a minimum. For the purpose of considering the 
relationship between such equilibria and the nature of different ethylene compounds, it is more 
realistic to present the results as relative iodine absorption for the same initial concentrations of 
reactants : 








Percentage iodine absorption for “/4-A + M/50-1,, in acetic acid at 25° 
Me(CH.,CH:CH, CHJCH{CH),CO,M CMesCHMe CMeEtcH, CMeyCHICH, 
on 96 64 39 14 
cycloHexene cycloPentene 
85 51 


The difference between trimethylethylene and 2-methylibut-l-ene and compounds of the 
type CHR°CH,, and also the difference between the two cyclic compounds, suggest that a steric 
factor may operate to hinder the forward and favour the back reaction. With fert.-butylethylene 
there is the possibility of rearrangement of the positive carbon ion formed in the first phase of the 
addition : 


Me,C—CH—CH,—-I—1 —» Me,CH—CMel—CH,! 


so that the significance of the equilibrium becomes ambiguous. Likewise bicyclic terpenes, such 
as norbornylene and camphene, in which the hindrance to frans-addition with inversion would be 
virtually complete, cannot be used as a diagnostic to test steric effects. With these two com- 
pounds the reactions proceed with complete absorption of iodine. This is consistent with the 
fact that such compounds undergo rearrangement on halogen addition with the production of 
1 : 3-di-iodohydrocarbons, which do not dissociate, like the 1 : 2-derivatives, and iodine addition 
to norbornylene takes place at about the same rate as to cyclopentene and cyclohexene. As 
camphene adds iodine in chlorobenzene solution at a slower rate than cyclohexene by a factor of 
about 25, and on the other hand adds bromine more rapidly by a factor of about 2 (unpublished 
work), for this compound there is a possibility of steric hindrance in the iodine reaction. «a-Pinene, 
on the other hand, shows irregular kinetics and incomplete iodine absorption, corresponding with 
the fact that the reaction is more complex, cymene being known to be one of the products. 


EXPERIMENTAL. 


In the rate and equilibrium measurements sometimes the method of stopping the reaction with 
sodium thiosulphate and back-titrating with iodine was used, at other times it was found that the 
direct method of adding the reaction mixture to potassium iodide solution and titrating with sodium thio- 
sulphate gave more consistent results. Herewith a typical measurement 


10 ml. of 1-08m-oleic acid + 0-208m-1, in CCl; 24°; 1 ml. added to 5 ml. of 0-Olm-Na,S,0,, and 
titrated with 0-103wN-I,. 


17 32 52 66 
1-88 211 


1-20 147 1-71 
From the curve, # = 20, t = 46; gsr, is a = 20,1 = 46. 


Reactions in Acetic Acid Soluti U gate, puters empeuined of ens consentantinn onty, 
constant paoudo-bimolecular coefacionts being obtained % absorption, is now measured at 





w ow SO 

5-0 745 12-6 18 

22 4 “0 72 
31 30 30 
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Resoneee Ee eaenyen was was sounien® with freshly distilled compounds, and in an mert atmosphere. 
A negative eflect was obtained mds reacting by the electrophilic mechanism, and positive 
poy Agee hn peg whe can react by a aucleophilic mechanism, as shown by the 
following reactions tn acetic acid at 24° 


© 33u-Styrene + 6-0133m-1, + cmap : None 60033~-HI 0-033m-HI 
I, absorption (%, 0 mins.)...... 17 7 ” 


O-33m-Oleic acid + O-0133m-1, + catalyst None 0-006m-HI 0-05m-HI 
1, absorption (%, 10 mins.) ...... a 32 0 


0-33m- “Propyipropiolic acid + 0-0133m-1, + omEUS None 0-05u-HI 
I, absorption (%, 1400 mins.).... : 66 31 


Reactions in Carbon Tetrachlorids Solution.—lodine addition in this solvent was found to be less 

sensitive to catalysis than bromine addition, and a c from au conditions to a sulphuric acid-dry 

e did not appreciably alter the rates for pent-2-ene and oleic acid. On packing the 

lass- beads a Fg kpc was observed when the iodine concentration was small, but 

i at concentrations. It is concluded, therefore, that the high reaction 

orders to be recorded are for homogeneous iodine addition. The following results were obtained for oleic 
acid in carbon tetrachloride at 24 


%, Reaction, s pashan lo 20 w 
Time: 108m-A + 0208m-1, ... : 18 45° a0 
. O&S4uA + 1000-1, 10-3 ww M 
Overall reaction order, » ‘ 35 36 36 


° 145", t = 54; 40°, ¢ ~ 31, 25", + BaSO, t = 0-9 


Ex ments with | 00m-oleic acid + 004-1, and half these concentrations gave a(s = 20) « 3-7 
re relative contributions of the reactants to the total order, calculated from the four runsare A,n = 1-3, 

a~ : 4. Pent-2-ene shows similar kinetics, giving at 16° reaction orders: A, wn « 1:3; I, 8 = 25 
Vos these two reactions in carbon tetrachloride the pseudo-bimolecular coefficients fall as the reaction 
proceeds, in accordance with the finding that the reaction order for iodine is greater than 2. The 
previously found constant pseudo-unimolecalar values for ally! alcohol in this solvent are abnormal! and 
posubly related to its association 

Reactions nm Chlorobensene — Herewith are the results for cyele tene at 25°, as times for + =~ 20%, 
iodine absorption © 25-A + 0-02m- te f= 35; O0126m-A + OOlm-1,,¢ «= 20; 0-0125m-A + 0-02m-1,, 
tu 78; hence A, a @ 11 ae 20 6 25u-Cam + O-O2m-1,; 25°, # = 20, t = 246. 
norbornylene, same concns - 20,4 = 42. The pseudo-bimolecular coefficients for this reaction, 
at aw 10, Age 37, ats ry ~ 2-2, as there is no back reaction, indicate a reaction order, for 
A+I,, >3 

The materials used were in part as described in earlier communications, and included also : pent-2-ene, 
b. p. 36-37°/760 mm.; trimethylethylene, b. p. 37-—38"/741 mm.; tetramethylethylene, b. p. 72— 
73° 756 mm. ; cyclopentene, b. p. 44°/755 mm. ; cyclohexene, b. p. 82°/750 mm. , sorbornylene, subliming 
at 62°; camphene, m. p. 43-44 


We are indebted to the Ohio State University Research foundation for a valuable gift of 2-methy!but- 
l-ene, 3: 3-dimethy!but-l-ene, and hex-l-ene, which were used in part for this investigation, and also to 
Dr. F. B. Shorland, Pats Research Department, Wellington, New Zealand, for pure specimens of oleic 
acid and methyl oleate 
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452. Steroids and Related Compounds. Part 1X. Further Experi- 
ments on the Bromination of Oxidation Products of Cholestane- 
38 : Sa : 68-triol. 


By B. Eris and V. Perrow. 


The processes of dehydrobromination and dehydration have been applied to 2-bromo-6- 
acetox vcholestan-Se-ol-3S-one (III K Ac) and 2. 2-dibromo-6-acetoxycholestan-5e-ol-3- 
ome (V), but intermediates suitable for effecting the aromatisation of ring a have not been 
obtained 


Wrru the object of effecting aromatisation of mng a of cholesterol, work was commenced in 
1937 on the preparation of a 6-oxygenated cholesta-1 : 4-dien-3-one (I) from 6§-acetoxy- 
cholestan-5a-ol-3-one by the processes of bromination, dehydration, and dehydrobromination. 
The research had to be abandoned in 1938, the results obtained being reported in Part IV of 
this series (Ellis and Petrow, /., 1939, 1078). The investigation has now been resumed, and 
we report some additional experiments. 
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Attempts to prepare (I) from (111; R = Ac) (Ellis and Petrow, joc. cit.) by removal of the 
elements of water and hydrogen bromide proved uniformly unsuccessful ; ¢.g., the compound 
was recovered unchanged after prolonged heating with acetic anhydride, after heating under 
reflux with 1:1 mols. of thionyl chloride in pyridine, and after treatment with dry hydrogen 
chloride in chloroform solution. Hot anhydrous formic acid led only to resinification. 
Dehydrobromination was next examined but, although reagents such as boiling collidine gave 
bromine-free products, these could not be induced to crystallise. 

Experiments were therefore initiated on the preparation of (XVI) which possesses the 
structural features of cholestan-52-ol-3 : 6-dione, a diketo-alcohol which is known to undergo 
ready dehydration (Pickard and Yates, /., 1908, 93, 1681). Oxidation of (III; KR = H) 
offered the best potential route to this compound, but hydrolysis of (III; RK = Ac) to the 
required alcohol proved unsuccessful. Keaction with alkali has already been shown to give 
the 2: 5-oxide (Part IV, loc. cit.). Reaction with alcoholic hydrochloric acid has now been 
found to give cholest-4-en-3: 6-dione (IV), formed, no doubt, through the intermediate 
formation of 2-bromocholestane-3 : 6-dione ——> 4-bromocholestane-3 : 6-dione —-> (IV) [cf 
6$-acetoxycholestan-52-ol-3-one ——> cholestane-3 : 6-dione, Ellis and Petrow (lec. cif.); also 
(X) ——> (IV) (Experimental section)}. Attempts to prepare the required compound (XVI) 
by direct bromination of cholestan-5a-ol-3 : 6-dione (XIV) proved more encouraging. Treating 
(XIV) in chloroform-acetic acid solution with one molar equivalent of bromine gave a 
mixture of products from which unchanged (XIV), 4: 7 : 7-tribromocholest-4-en-3 ; 6-dione 
(XV) (Butenandt ef al., Annalen, 1937, 531, 176), and a new monobromide, C,,H,,O,Br, were 
isolated. The last compound differed from the 7-bromocholestan-5«-ol-3 : 6-dione of Sarett, 
Chakravorty, and Wallis (J. Org. Chem., 1943, 8, 405) and is regarded as 2-bromocholestan-Se- 
ol-3 : 6-dione (XVI). Its preparation gave erratic results and was only occasionally successful 
This fact, coupled with the unsatisfactory yields obtained, precluded its further examination. 

Accordingly, we turned our attention to the reactions of 2 : 2-dibromo-6$-acetoxycholestan- 
5a-ol-3-one, hoping thereby to obtain an intermediate suitable for conversion into (1) 

Dibromination of (11) or monobromination of (III; R = Ac) is known to yield a dibromo- 
compound regarded as 2 : 2-dibromo-68-acetoxycholestan-5a-ol-3-one (V) (Ellis and Petrow, 
Joc. cit.). In striking contrast to its monobromo-analogue (III; R = Ac) (see above), (V) has 
now been found to undergo ready dehydration on simply heating it with acetic anhydride or acetic 
acid, to give an unsaturated compound formulated as 2 : 2-dibromo-6$-acetoxycholest-4-en- 
3-one (V1) on the basis of (a) its ultra-violet absorption spectrum, which shows a band at 250 my 
compatible with its formulation as a dibromo-3-ketocholest-4-ene derivative, and (b) its conversion 
into a quinoxaline derivative. 

Although the dibromide (V) was sparingly soluble in acetic acid and separated from solution 
during preparation, it slowly redissolved when the reaction mixture was kept at room 
temperature for several hours. The solution now contained a new dibromo-ketone, 
C,,H,OBr,, also obtained by treating 2 : 2-dibromo-6$-acetoxycholest-4-en-3-one (VI) with 
hydrobromic acid—acetic acid and evidently formed from it by loss of the elements of acetic acid. 

The new dibromo-ketone failed to liberate iodine from sodium iodide in benzene- alcoholic 
solution on warming, or to form a quinoxaline derivative with o-phenylenedi These 
observations exclude a 2: 2-dibromo-formulation. Its ultra-violet absorption spectrum 
revealed a maximum at 292°5 my. and a minimum at 235-0 my., and this indicated a cholesta- 
4 : 6-dien-3-one containing substituent bromine atoms (see Jackson and Jones, J., 1040, 569) 
The constitution of a 2 : 4-dibromocholesta-4 : 6-dien-3-one (IX) has therfore been assigned to 
this compound. Similar transformations of 2 : 2-dibromo-3-keto-sterovids of the 5-allo-series 
into the corresponding 2 : 4-dibromoketones under the influence of hydrobromic acid-acetic 
acid have previously been reported (see Djerassi and Scholz, J]. Amer. Chem. Soc., 1947, 68, 
2404), and the elimination of the acetoxy-grouping from (VI) is paralleled by the conversion 
of 36-acetoxycholest-5-en-7-one into cholesta-3 : 5-dien-7-one (Jackson and Jones, loc. cit.). 
68-Acetoxycholest-4-en-3-one (Part IV, loc. cit.), in contrast, gives only the saturated cholestane- 
3: 6-dione on treatment with ane acid. 

of (VI) was readily accomplished with boiling collidine, a 2-bromo- 
6b-acet holesta-1 : 4-dien-3-one (VII; R = Ac) being obtained in excellent yield. Attempts 
to convert this compound into (1), however, proved unsuccessful. Thus it was unaffected by 
chromous chloride in acetone (see Julian ef al., J. Amer. Chem. Soc., 1945, 67, 1728) or by zinc 
alcohol. 
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treatment with zinc dust in alcohol. Raney nickel or chromous chloride, however, 
led to partial reduction with formation of a bromocholesten-3 : 6-dione, m. p. 221°, identical 


ee | mi) Br 7 mo i 
(XIE) XIV XV.) XVL) 


with a compound (m. p. 204--207°) obtained by Sarett and co-workers (Joc. cit.) by the action of 
boiling pyridine on 2 : 2-dibromocholestan-3 : 6-dione (XI) and assigned by them the constitution 
of a 2-bromocholest-4-en-3 ; 6-dione. We are unable to accept this formulation on the following 
evidence : (i) the ultra-violet absorption spectrum reveals a maximum at 257 mu. characteristic 
of 2-bromocholest-1-en-3-ones which are now known to form an exception to Woodward's rule 
J. Amer. Chem. Soc, 1941, 68, 1123; 1942, 64, 76) (see Djerassi and Scholz, loc. cif.); (ii) the 
compound is recovered unchanged after prolonged heating with collidine, a behaviour hardly 
consistent with a 2-bromo-Astructure. Accordingly, we assign the constitution of a 2-bromo- 
cholest-l-ene-3 : 6-clione (XII) to this product. Cholest-4-ene-3 : 6-dione (IV), it may be added, 
likewise readily undergoes reduction to cholestane-3 : 6-dione on treatment with the chromous 
chloride reagent, a reaction which furnishes a convenient route to this saturated diketone 

Attempts to reduce (XII) with zinc in aleohol proved unsuccessful, a somewhat surprising 
result, since Djerassi and Scholz (lec. cit.) have achieved smooth conversion of the analogous 
2-bromo-3-ketoandrost-l-en-172-yl 17-hexahydrobenzoate into the corresponding androst-1- 
en-3-one derivative under similar experimental conditions. These authors describe the 
conversion of the same hexahydrobenzoate into the 4-bromo-A'-ketone by treatment with 
hydrobromic acid-acetic acid. Similar isomerisation of (XII) would clearly furnish a key 
intermediate for the preparation of (I), but the compound failed to react in the required way 
and was recovered unchanged. 

Lastly, the action of hydrobromic acid-acetic acid on (XI) was examined when it was hoped 
to effect conversion into the corresponding 2 : 4-dibromo-derivative. Unfortunately, only 
reduction occurred to give a 2-bromocholestane-3 : 6-dione (X). The position of the bromine 
atom in this compound followed from the observation that dehydrobromination gave a new 
aS-unsaturated ketone, 4,.., — 228 myu., not identical with (IV), which we believe to be 
cholest-1l-ene-3 : 6-dione (*1IT) 
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EXPERIMENTAL. 


(M. p.s are uncorrected. Microanalyses are by Drs. Weiler and Strauss, Oxford. Rotations were 
measured in chloroform solution in a 2-dm. tube unless otherwise stated. Absorption spectra, measured 
> Sy, MONRSERTARSERRAUN ES SIT 


Bromo-68-acetoa yi holestan-Sa-ol-3-ome —— ety pevtest Bt; Be Ac) (2 ¢.) 
was tod with comentrated hy rochlor sca (2 Je gy heed 8 Ase 
product, cholest-4-ene-3 - 6-dione ( Or a Phe a ; i vo 
tes (from aqueous ethanol), m. p. 122—123° (Found Sa 8. H, o3 ca Cale. for C. vette: Cc, 813; 
feo be not depressed in ren ace an authentic 
Cholestan-5a-ol-3 : — ~ aI) (2-08 - in chloroform (100 mi.) and 
oiamraaa eid (10 8 .) at 28° was mols.) in acetic acid (10 mil.), 
a Bad me Fy em omy pom hae ht Ay Jt he hy A 
solution, aoaek SS ak washed, and dried, and the solvent distilled off. The 
residue, in acetone ( at). weet Oey SS we Dae (decomp.) (400 mg.), ted 
and was removed. Cautious dilution of the filtrat fraction B, m. p. 200° ery by me). 
followed by fraction C (600 mg.) (a gum which i ). Purification of 
astith atte Gave annus Ce oe C of fraction B from saeesey es Rate | 
Any ae oa ate Seis tetraien en . , . Tagg: ety 
1,1) (Pound ; C, 65-4; H, 86; Br, 1566. C,, , Br requires C, 65-6; raction C, 
alter purification trom ueous acetone, gave of 4; 7: 7-tribrom - 3: 
m. p. 195° (decomp.), (aJf’ +15-2° (c, 1-41) (Pound: C, 51-1; H, 64. Calc. for C,,H,,0,Br, : 
H, +2) not depressed in admixture with an authentic specimen (Butenandt wal. nnalen ” 087 
581, 176). 


Bromination in the presence of excess of sodium acetate gave a complex mixture of products from 
which only unchanged material could be isolated. 

2 . 2-Dibromo-6$-acetoxycholest-4-en-3-ome (V1).--When 2 2-dibromo-6-acetoxy: holestan-5e-ol-3-one 
(V) was heated under reflux with acetic anhydride ghee k for 2 hours, or acetic acid for 1 bour, 
2 PD sa” ya ar type acetoxycholest-4-en-3-one was obtained, hard needles ( aqueous ac a’ = p. 164— 

, (ol® »8° (c, 1-5) (Found: C, 585; H, 71. CyH,,O,Br, requires C, 58-0; H, 39): yield 











po Light absorption : E}%, (250 mys.) = 157. The guinosaline derivative, prepared by heating the 
dibromo-ketone (1-0 g.) and o-phenyl (1 g.) im absolute ethanol (25 mil.) under reflux for 
6 hours, ome thin plates (from aqueous acetone), m. p. 204° (Found: N, 56. C,,H,.O,N, requires 
N, 53% 

2 Ee 6-dien-3-onme (IX).—(a) 6-Ac -Se-ol-3-one (2-3 g.) in acetic 
acid (50 ml.) was treated with bromine (1-6 g.) im acetic acid (9 ml.). Rapid decolorisation occurred, 
tollowed 





by separation of (V), which ae diasclution being complete in 1 iShours. Precipitation 
with water and extraction with ether ga . 4-dibromocholesia-4 flat needles (from 
methanol-—acetone), m. p. 178° (decomp), i +378 fc 2-38; i, 1) Gieund, Ce 60-2, 69-9; H, 7-4, 7-3. 
c aptieOBry requires C, 60-0; H, 7-5%) The spectrum showed a maximum at 202.5 mp. 
(eS, = 270) and a minimum at aa mp. (et = 134). (6) 2: 2-Dibromo-6-acetoxycholestan-5e-ol- 
3-one (1-0 g.) in glacial acetic acid (30 ml. ) containing hydrobromic acid (1 ml. of 48%) was heated under 
reflux for 3 minutes. Precipitation with water gave (IX), identified by m. p. and mixed m. p. 
(c) Treatment of 2 : 2-dibromo-6-acetoxycholest-4-en-3-one (VI) with hydrobromic acid-acetic acid as 
in (6) likewise gave (IX). The compound occasionally separated from pepe oe > a a 
form, m. p. 154° (decomp.). A mixture of the two forme softened at 154° and 
at 178 


Action of Hydrobromic Acid-Acetse Acid on 68- Acetoxycholest-4-en-3-one — When the ketone (500 mg.) 
in acetic acid (15 ml.)—hydrobromic acid (0-7 mi. of 48%) was left at 37° for 18 hours and the carmine- 
coloured solution was diluted with water, cholestane-3 : 6-dione (200 mg.) was obtained, identified 
after crystallisation from aqueous acetone by m. p. and mixed m. p. with an authentic specimen 

2-Bromo-6-acetoxycholesta-| : 4-dien-3-ome (VIL; R = Ac)-—When 2: 2-dibromo-6-acetoxycholest- 
4-en-3-one (19-7 g.) was heated under reflux with collidine (100 ml.) for 7 minutes, 2-bromo-6-acetory- 
cholesta-1 : 4-dien-3-one was obtained, hard prismatic needles from aqueous acetone, m. p. 123-124", 

(al? —32-3° (c, 1-15) (Found: C, 66-9; H, #3. C,,H,,O,Br requires C, 67-1; H, 83%); yield 82%. 
Light absorption ; E}S, (263 mg.) = 248. 

2-Bromocholesta-1 : 4-dien-68-ol-3-one (VII, R = H).—<A solution of potassium hydroxide (1-4 g.) 
in 95% methanol (26 ml.) was added rapidly to a boiling solution of the foregoing compound (11-7 g.) in 
methanol (200 ml.). Separation of crystalline matesial bagen almost immediately and this was collected 
when the mixture was cold, giving 2-bromocholesta-1 : 4-dien-6B-ol-3-one, large shining plates (from 
aqueous acetonc), m. p. 240°, (a)? --37-8" (c, 1-06) (Found: C, 68-1; H, &7. Cy,H,,0,Br requires 
C, 67-9; H, 86%); yield 90%. Light absorption: EIS, (255 mp.) ~= 305. Acetylation gave (VII; 
R = Ac), m. p. 123-124 

2-Bromocholesta-\ : 4-diene-3 : 6-dione (V11T).-Chromic acid (600 mg.) in acetic acid (10 mi. of "a 
was added to a stirred suspension of the finely powdered I ead the precipttnt PS fo & ante 6 
Oren By minutes, excess of brine was added, and the prec solids were 

yg oy terry § Riving 2-bromocholesta-\ : 4-diene-3 : oy ge nage <a . 
138 (ce, 1-74) (Pound: C, 68-1; H, 61 CypHyO, Br C, 662; H, 2%); yield 
Fhe aheseption qpestvem ihewed 6 tmentnem ob G0 as’ = ~ 234) and « minimum at 
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232 mp. (ETS, ~ 139). The dione was recovered unchanged after being refluxed with zinc dust in 
alcohol for 10 hours 


2-Bromocholes-\-ene-3 . 6-dione (X11).—(e) Alcohols chromous chioride solution (10 mi.) (Conant 
and Catier, |. Amer, Chem. Soc., 1926, 48, 1023) was added, under carbon dioxide, to 2-bromocholesta- 
1: 4-diene-3 : 6-dione (500 mg.) in acetone (30 mi), and the mixture kept for 45 minutes at room 
temperature. The product, isolated with ether, was fractionated from aqueous acetone, “= A 
of 2-bromocholest-l-ene-3 : 6-dione in silvery platelets, m. p. 221°, (a)? —61" (¢, 1-64; 1, 0-5) (Pound 
C, 674; H, #5. C,,H,,O, fir requires C, 679; H, 87%); yield 30%. Careful dilution of the mother- 
liquors gave form B. fine needles, m. p. 160—162", (a) —63" (c, 1-1; 2, 1) (Found: C, 68-1; H, 85%); 
yield 50%. Farms A and B gave identical absorption spectra: El%, (257 mp.) = 156 


(6) Porm A, m. p. 221°, was obtained when (VIII) (500 mg.) was heated ander reflux for 18 hours 
with Raney nickel (ca. 500 mg.) in ethanol (7 mi.) 


(e} 2: 2-Dibromocholestane-3 : 6-dione (1-1 ¢.) was heated under reflux with collidine (5 mi.) for 
1-5 minutes, and collidine hydrobromide (403 mg. = 1-0 atom bromine) removed after addition of ether 
The ethereal solution was washed with dilute hydrochloric acid, ete, and the dark product 
chromatographically purified on alumina (B.D.H. for chromatographic analysis). The column 
(12 x 1-4 em.) was prepared in light petroleum (b. p. 40-60"). A crystalline fraction (200 mg.) was 
obtained by elution with benzene-light petroleum (4:1). Its purification gave form A, m. p. 220— 
221, alone or in admixture with an authentic imen. The same product was obtained when pyridine 
was employed in place of collidine as descri by Sarett ef a/. (loc. ett.) 


The compound (XII) was recovered unchanged after (a) 18 hours’ heating under reflux with zinc 
dust in ethanol, and (6) treatment with hydrobromic acid-acetic acid for 24 hours at room temperature. 


Reduction of Cholest-4-ene-3 , 6-dione.— The compound (400 mg.) in acetone (10 ml.) was treated with 
chromous chloride (10 ml.) under carbon dioxide = After 10 minutes the crystalline solids (250 mg.) were 
collected and rified from aqueous ethanol, giving cholestane-3 : 6-dione, m. p. 169-170", alone or in 
admixture with an authentic specimen 

2-Bromocholestane-3 : 6-dione (X).--A suspension of 2 2-dibromocholestane-3 : 6-dione (5.25 g.) in 
chieroform (40 mi.) and acetic acid (75 mi.) containing hydrobromic acid (2 ml. of 48%) was shaken for 
4 hours. The prodact, isolated with ether, was crystallised from aqueous acetone, giving 2-bromo- 
cholestane-3 6-dione in needles, a 10-4" (¢, 1-5) (Found: C, 67-5; H, 88. C,,H,O,Br requires 
C, 67-6; H, 90%); yield 20% m. p. (decomp.) varied from sample to sample and with the rate 
of heating, decomposition usually occurring at 140-180". The a tion spectra of different 

reparations revealed the presence of variable small amounts of an impurity absorbing at 252 mp 
Re auction of (X) with chromous chloride furnished cholestane-3 | 6-dione in good yield, and refluxing 
it with alcoholic hydrochloric acid gave cholest-4-en-3 . 6-dione 

2 2-Dibromocholestane-3 : 6-dione (X1).— The foregoing compound (1-1 g.) in acetic acid (20 ml.) and 
chioroform (5 mi.) was treated with bromine (400 mg, 1-1 mols.) in acetic acid (5 mil.) containing 
sodium acetate (300 mg.). After 6 hours at room temperature the product (350 mg.) was collected and 
crystallised from chloroform-ethy! acetate, giving 2 2-dibromocholestane-3 | 6-dione in micro-needles 
which decomposed between 175° and 195°; (a) +68-3° (¢, 1-31) (Found: C, 57-9; H, &1. Cale. for 
C,,H,,0,Br: C, 5&1; H, 76%). Sarett ef a/. (loc. cit.) give a decomposition temperature of 175— 
105 and (aif + 65° 

Cholest-1-ene-3 . G6-diene (XII1).-2-Bromocholestane-3 . 6-dione (1-1 ¢.) was heated under reflux 
with collidine (§ ml.) for 15 minutes. After addition of ether, collidine hydrobromide and a compound, 
small plates (from acetic acid), m. p. >300° (Found: N,24. C,,H,,O,NBr requires N, 2:3%), were 
removed, leaving cholest-l-ene-3  6-dione, plates (from aqueous e hanol), m R 161° (Found: C, 79-7; 
H. 11. C,H yO, §H,O requires C, 79-6; H, 10-69). Light absorption : E}S, (228 mp.) — 200 


The authors thank the Directors of The British Drug Houses Ltd. for permission to pwblish this 
work 


Ressarcn Lasoratorins, 
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453. Conatituents of the Seeds of Corchorus olitorius, L. Part I. 
Corchorin and its Identity with Strophanthidin. 
By Gapra Sotiman and (in part) Wanpa SaLen 


Corchorin, the crystalline bitter principle of jute seeds, is isolated from the seeds of Corchorus 
vitorius, L., and is shown to have the formula C,,H,,O, and to be identical with strophanthidin 


Tue occurrence of a bitter principle, corchorin, in the seeds of Corchorus capsularis, L 
(Tiliace), commonly known as jute, was first reported by Tsuno (Monatsh. Tierheilhk 
1806, 6, 455), and later corchorin was described by Friebos (Dissert.. Rostock; /aér. 
Pharm., 1007, 102) as a whitish, crystalline bitter substance. Furthermore, Kobert (‘‘ Lehrbuch 
der Intoxikationen,” 1906, p. 1222; Chem. Zentr, 1907, 1, 1273), who was provided with an 
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impure specimen of corchorin by Merck, recorded its pharmacological action and described 
its chemical and physical properties without mentioning its melting point or percentage 
composition. 


The isolation of an isomeric, if not identical, bitter compound, capsularin, C,,H,,O, m. p 
175—176", from jute leaves was achieved by Saha and Choudhury (/., 1922, 1044), but present 


prisms, m. p. 174—175°, having an intense bitter taste. 

epee Ss An Se ee eee ere ee nee eee Pp. 
112—114°, on hydrolysis. Sen (i@id., p. 905) assigned to corchorin and corchogenin the 
formulr, a Colles Os and Cretan respectively. 

As corchorin is recorded in the literature as a cardiac glycoside (Rijn and Dieterle, “ Die 
Glycoside,” 1931, p. 317, Verlag Borntraeger, Berlin), and as the seeds of Corchorus oliforius, 
L. (Tiliacez), are recognised among Egyptian peasants as poisonous to cattle, whereas the plant 
is widely cultivated in Egypt for use as a pot herb, under the name “ Melukhtya,” it seemed of 
interest to attempt the isolation of such a glycoside from this plant. We have isolated corchorin 
(the properties of which suggest a genin, not a glycoside) from the alcoholic extract of the 
defatted seeds of Corchorus olitorius. Previously, the plant and its seeds were studied 

iy cad cemalediy toy Atain, Debate, eal Shee (Report Pharm. Soc., Egypt, 
1934, 6, 12), and the occurrence of a glycosidic principle in the alcoholic extract of the defatted 
seeds was indicated by chemical tests. Corchorin, obtained by the method described in the 
experimental, crystallised from dilute methanol in rhombic prisms, m. p. 175-—177° (decomp.) 
not depressed with an authentic specimen prepared from jute seeds 

Contrary to Saha and Choudhury (Joc. cit.) and Sen (Joce. cit.) we were unable to hydrolyse 
corchorin with 2% sulphuric acid solution, or with varying concentrations of hydrogen chloride 
in dilute alcohol. In certain cases the starting material was recovered unchanged, otherwise it 
suffered resinification without the elimination of a sugar moiety. Additional disagreement 
lies in the fact that we have prepared from corchorin, from either of the two species of Corchorus, 
a crystalline acetate, m. p. 242—244° (decomp.), whereas capsularin acetate and corchorin 
acetate were assigned by Saha and Choudhury (Joc. cit.) and Sen (Joce. cit.) the melting points 
190° and 158°, respectively, and the formula, C,,H,,O,Ac,. 

The results of analysis of our dehydrated specimens of corchorin and its acetate indicate 
the formula, C,,H,,O, and C,,H,,O,Ac, and the presence of an af-unsaturated lactone group 
was shown by titration with standard alkali, by the formation of a red colour in the Légal 
sodium nitroprusside test, and by reduction of Tollens's reagent (Jacobs and Hoffmann, J. Biol. 
Chem., 1925, 67, 333; Haynes, Quart. Reviews, 1948, 2, 46). In addition to the lactone group 
and the hydroxy! group which can be acetylated, the presence of a carbony! group in corchorin 
is shown by the formation of an oxime, C,,H,,O,N, m. p. 265—270° (decomp.), and a phenyl- 
hydrazone, C,,H,,O,N,, m. p. 240—243°; the remaining two oxygen atoms appear to be present 
in tertiary hydroxy! groups. The formula, melting points, and properties of corchorin and 
its derivatives are in agreement with those of strophanthidin. Full identity of the two lactones 
was established by comparison with authentic specimens (cf. Jacobs ef al., J]. Biol. Chem., 1922, 
54, 253; 1024, 59, 713; 1927, 74, 805; Lamb and Smith, J., 1936, 444; Steidt, Anderson, and 
Chen, Proc. Soc. Expl. Biol. Med., 1943, 68, 198; J. Pharm. Expl. Ther., 1044, 82, 98) 

It would be of a biogenetic interest should the presence of a strophanthin glycoside be proved 
in the bitter mother-liquor from which corchorin has been isolated, or in the extracts of the 
immature seeds or other parts of the plant. At present, attempts are being made along these 
lines and towards the elucidation of the structure of another bitter compound, corchoritin, m. p. 
218—220°, which was described by Sen (J. Indian Chem. Soc., 1931, 8, 651) as a hydroxy- 
lactone, C,,H,,O,. Moreover, the alcoholic extract of the defatted seeds of Corchorus olitorius 
yielded a solid from which raffinose (cf. Sen, loce. cit.; Annett, Biochem. ]., 1917, 11, 192) and 
a tasteless resin were separated. On successive crystallisations of the latter, a phenolic 
compound, m. p. 103—105°, was obtained, and the results of its investigation will be 
communicated later. 

EXPERIMENTAL. 
(M. p.s are not corrected; micro-analyses were by Drs. Weiler and Strauss, Oxford, and uniess 


Se ee ee et ee 110° in a high vacuum over 
phosphoric oxide.) 


Estraction.—The seeds of Corchorus olitorius (obtained from the Minia district in U 
The combined extracts yielded 


Berrt) wae three times tines with light potecioum (bp. 60--00°). 











by hydrogen sulphide, 
water-bath to about 21. At this stage, corchoria bagan to separate as emall crystals 
162.165", which lost most of their bitter taste on crystallisation (charcoal) from aout 
ethanol, of pyridine, is sparingly sol 
from dilute eth . 
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, 2%; M titration), 410-5, 418-8 tor Cosblee HAD 
sig ¥, ta) y 40-8 7-360 in methanol) {Found in dehydrated specimens — 
* M (Rast), 396 906; AM (by titration), 404-2, 406-1. Cale. for CygHiggy : c, ¢ 

we }, (aif +42-7° (e, 3-865 in methanol). Bs dieatoas bn cnmenntentnd tetehmoie antl to sed chgtion 

with a green fluorescence, and its solution in alcohol or pyridine becomes red on the addition 

it readily reduces Tollens’s reagent. 

by heating corchorin (05 g.) in pyridine-acetic anhydride (10 ml.; 

1:1) for two hours on the water-bath, the solution was concentrated by distillation under reduced 

at a low temperature, and the residue was crystallised from dilute methanol, and recrystallised 

; it formed prisms, m. p. 242244" (decomp.) (Found: C, 67-3, oa. H, 7-6, 

H,,O,: C, 67-2: H. Sah i¥ +39-30° (c, 3-061 in methanol). The oxime 

a in rhombic 270° (decomp.), identical with thidin 

; so, x. Bas. 34. Cale. for GH,O.N: C, 66-8; H, 7-0; N, 

crystal from ethy! acetate in colour prisms, m. p. we ~243° 

(ef. +? a 1924, 37, 721) (Found: C, 701; H, 7-7; N, & Cale. 

for CypHtysO,N, Hts. x “S 7%). 

For compaction, os Ca was prepared by extraction of the seeds (2 kg.) of Corchorus capsularis ; 

the product (02%) crystallised from dilute methanol in ory oom m. p. 175—177° (decomp.) 

oxide: C, 66-8, 67-0 81, 83%. Found in dehydrated 

: %), (a)? +42-5° (¢, 6-642 in methanol). | It ve an acetate, m. p. 

242-2404" (decomp ) (Found - Cc “ea H, 77%). Sen's results are C, 61-6; H, 85%; [jp +33-4° in 
ethanol for corchorin, and C, 60-4; H, 70% for its acetate. 


When the solid deposit “ A’ was refluxed with ethy! acetate, the fluorescent solution deposited a 
yellowish-brown resinous product on cooling, and the insoluble gummy residue gave on crystallisation 
from 90% alcohol white rhombic ——s p. 76°, identical with ge After several! crystallisations 
of the resinous product from ethy) acetate and thea from ben % bstance, m. p. 103—105", was 
obtained and characterised by formation of a green colour with ferric chloride and a colourless 
acetate, m. p. 74”. 


me 
ute! 





The authors are indebted to Professor G. A. R. Kon, F.R.S., for a specimen of strophanthidin, and to 
the Egyptian Ministry of Agriculture for providing the seeds of Corchorus capsularis. 
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454. The Formation of Complex Fluorides. Part I. The Relation 
between the Conductivities of Boric, Arsenious, and Antimonic Fluorides 
and Complex Formation. 


By A. A. Woour and N. N. Greenwoon. 


The formation of alkali complex fluorides by addition and neutralization reactions in non- 
aqueous solutions is discussed in relation to the conductivity of the fluorides used as solvents. 
specific conductivities of boron trifluorde, arsenic trifluoride, and antimony oe 
are <5 x 10° (at — 120"), 2-4 & 10°* (at 25"), and 1-2 x 10°* (at 25°) ohm™ cm. respectivel 
The possible ionic nature of the double fluorides formed by eons Ve and -Vile aeorides, 
including the new compounds AsF,, SbF, and IF, SbF,, is mentioned, and the viscosities of 
arsenic trifluoride and antimony pentaftuoride are reported 


Comrptex fluorides of the alkali and alkaline-earth metals can be prepared either by gas—solid 
reactions or by reactions in solution. The former, because of their high activation energies, are 
carried out at high temperatures and sometimes at high pressures and consequently are only 
applicable to the thermally stable complexes. The combination of sodium fluoride with boron 
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trifluoride, for example, although noticeable at room temperature, is quantitative at 400° 
(De Boer and van Liempt, Rec. Trav. chim., 1927, 46, 124). Similarly, potassium fluoride and 
uranium hexafluoride combine in equimolecular proportions at 200° under 70 atmospheres’ 
pressure (Martin and Albers, Naturwiss., 1946, 38, 370). Direct fluorination is an alternative 
gas-solid reaction which has been used to produce a salt-like product (presumably NaOsF,) 
from sodium fluoride and osmium (Ruff and Techirch, Ber., 1913, 46, 929). Kiemm and Huss 
(Z. anorg. Chem., 1949, 258, 221) have recently used similar reactions to prepare K,CoF,, K,NiF,, 
and K,CaF, from mixtures of the corresponding chiorides. 

Reactions in solution can occur at much lower temperatures since in these reactions less 
energy is required to disrupt the crystal lattice than is required in non-solvent reactions because 
of the partial compensation provided by the solvation energy. Anhydrous and aqueous 
hydrogen fluoride are the common solvents, and bromine trifluoride has recently been used to 
prepare a wide range of complex fluorides (Woolf and Emeléus, J., 1950, 1050). 

There appears to be a relation between complex formation in solution and the electrical 
conductivity of the anion component fluoride. The conductivities of the “ covalent " fluorides 
so far examined fall into two groups. The fluorides of the first group have conductivities of at 
least 10*ohm-! cm.-', and it is these fluorides which form complexes with the alkali fluorides in 
solution. Thus arsenic trifiuoride, bromine trifluoride, iodine pentafluoride, and hydrogen 
fluoride, which with potassium fludride form KAsF,, KBrF,, KIF,, and KHPF, respectively, 
have conductivities of 24 x 10°* (at 25°), 80 x 10* (at 25°), 2-3 x 10* (at 25°), and 
1-4 x 10° (at — 15°) (Sharpe and Emeléus, /., 1948, 2135; Emeléus and Sharpe, J. 1949, 2206; 
Banks, Emeléus, and Woolf, J., 1949, 2861; Fredenhagen and Cadenbach, Z. anorg. Chem., 
1929, 178, 289). 

In the liquid state the second group of fluorides, with conductivities below 10“ohm™ cm.-', 
do not react at an appreciable rate with alkali fluorides. This group comprises boron trifluoride 
(« < 5 x 10°“ohm-' cm.~* at — 120°), antimony pentafluoride (« = 1°2 x 10*ohm™ cm.~* at 
25°}, and chlorine trifluoride (x = 3 x 10*ohm™*cm.~' at 0°; Banks, unpublished). 

Reactions which lead to complex-fluoride formation have been demonstrated in bromine 
trifluoride between compounds containing anions and cations characteristic of the solvent, ¢.¢., 


K*BrF,- + BrF,'SbF,~ =~ KSbF, + 2BrF, 


(Woolf and Emeléus, ]., 1949, 2865). These reactions are analogous to neutralization in aqueous 
solution. It is now found that neutralizations also occur when other members of the first group 
of fluorides are used as solvent. The conductivity of arsenic trifluoride, for example, is greatly 
increased by small amounts of potassium or antimonic fluorides, and the compounds KF,AsF, 
and SbF,,AsF, can be isolated from the respective solutions. Equimolecular mixtures of these 
two compounds in arsenic trifluoride form the complex fluoroantimonate which can be isolated 
by removal of the solvent in vacuo, in agreement with a neutralization equation : 


K*tAsF,- + AsF,'SbF,- = KSbF, + 2AsF, 


If no interaction had occurred, a residue of KAsF, would have remained, since this compound, 
unlike SbAsF,, is non-volatile in vacwo. In addition, although no solid compound could be 
isolated from boron trifluoride and arsenic trifluoride, the former increased the conductivity of 
the latter to a small extent and, when it was passed into a solution of potassium fluoride in 
arsenic trifluoride, potassium tetrafluoroborate was produced. Again, the preparation may 
be regarded as taking place between potassium tetraflucroarsenite and an unstable compound 
AsF,*BF,~ in solution. Similar intermediates have been postulated to explain the formation 
of hexafluorophosphates in bromine trifluoride solution (Emeléus and Woolf, j., 1960, 164). 
Preliminary investigations indicate that iodine pentafluoride behaves in an analogous fashion, 
since addition of potassium fluoride enhances its conductity and a compound IF,,SbF, can be 
prepared in the same manner as the corresponding arsenic compound described above. Finally, 
although no examples of neutralization reactions in liquid hydrogen fluoride have been reported, 
it seems probable that potassium hydrogen fluoride would react with the compound H,F* BF,~ 
(Hantzsch, Ber, 1930, 68, 1789) in anhydrous hydrogen fluoride to produce potassium 
fluoroborate. 
The structures of the compounds formed between the fluorides of Groups Ve and Vile 
. The compounds Br, SbF,, IF,,SbF,, AsF,,SbF,, (SbF,),,SbF,, 
but the number of such complexes is, in all 
, the compounds (SbF,),, SbF, and 
(SbF,), SbF, should be re-examined in view of the present work, since (SbF,),, SbF, (Ruff and 











Woolf and Greenwood : 


potassium 
It is improbable, however, that all the double fluorides 
af these groups will be ionic in the solid state, although many may ionize in solution owing to 
the effect of solvation in altering the type of bonding. 

Some observations on viscosities made during the course of this work are of interest. 
Arsenic trifluoride is about as viscous as water and has a viscosity 4 = 1°17 centipoises at 8°3°. 
The plot of log » against the reciprocal of the absolute temperature is linear over the limited 

examined (—6° to + 10°), and this leads to an activation energy for viscous flow of 
2°41 keals. mole, which is approximately a quarter of the latent heat of vaporization of the 
liquid, 8°57 keals. mole" (Russell, Rundle, and Yost, /. Amer. Chem. Soc., 1941, 68, 2825). 
This is in agreement with the theory of absolute reaction rates (Kincaid, Eyring, and Stearn, 
Chem. Reviews, 1041, 28, 301). Antimony pentafluoride in contrast, has a viscosity of 460 
centipoises at 20°, which is of the same order as that of glycerol. The temperature variation of 
the viscosity has not been examined over a sufficiently wide range to decide whether it is an 
important factor in determining the rapid variation of electrical conductivity with temperature ; 
between 20° and 90° the conductivity increases a hundred-fold, and the corresponding activation 
energy for the conduction process is 14°3 kcals. mole, a value which is considerably higher than 
the usual values for this quantity. There are, as yet, insufficient data for one to draw any 
reliable comparison between the physical properties of the corresponding fluorides of Groups 
Ve and Vile 

EXPERIMENTAL 


Arsenic Trifluorids.—Moissan observed that arsenic trifluoride was a conductor whose 
conductivity was raised by addition of potassium fluoride. No dnosen Gua oveleed eb electrolysis, but 
the solvent was attacked with the formation of arsenic pentafluoride at the anode, and deposition of 
arsenic at the cathode, phenomena similar to those observed during the electrolysis of bromine trifluoride 


trifluoride was by the action of concentrated sulphuric acid (250 c.c.) on a well- 
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previous workers. The present in igation gave as the b. p. 57-8°/760 mm., a value which 
altered by 003," per mm. The product had ajf* 1-362 and d ~ 26605 — 0-00370/ in the range 
538". 


Specific electrical conductivity was measured at 1000 cycles A.C., with an tus described by 
Haszeldine and Woolf (J. Soe. C . Ind., in the press). design of the uctivity cell is shown 
in the Figure. It consisted of a silica vessel, connected by means of a ground joint to a soft-glass 
electrode holder which also served to seal the apparatus. electrodes were of platinum and, when 
the cell was in use, only a small section of the soft-giass holder was in contact with the liquid under 
investigation. The arsenic trifluoride, after two distillations from sodium fluoride at a 
pressure, had a conductivity of 5-20 x 10“‘ohm™* cm.“ at 25° and a linear temperature dependence of 
conductivity (+1406 = 10“ohmr' cm.“ deg). There was no indication of attack of arsenic trifluoride 
on the cell, the value of the conductivity remaining constant during 2 hours 
The D.C. resistance was not ohmic, and initially no current flowed below an applied potential of 
Sv. This value, however, was not reproducible since electrolysis increased the conductivity of the 
liquid irreversibly; at the end of the experiment the A.C. conductivity had risen to 
12-9 = 10*%ohor* om.“ at 25° 

Iwo freshly prepared samples of arsenic trifluoride were distilled from sodium fluoride and then twice 
tractionated is escewo. The middie fractions were vacuum-distilled into the cell. The values obtained 
for the conductivity are given in Table I. It may be seen that, at 25°, the conductivity of arsenic 


triftuaride is 2:28-2:50 « l0*ohm™ cm.“ with a relative temperature coefficient ( S 


! 

«ai he ~o% 
Taare I. 

Conductivity of arsenic trifluoride from 0° to 40° 


Specimen | Specimen II. 
« * 1@.chm™ cm." . « = 1®@,ohm™* cm.". 


dad = 21, x lots da/di = 2-6, x 10°*/* c. 
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Vv. ccording to Ruff and Plato (Ber., 1904, 87, 673), 
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antimony pentafluoride has @* 2-993. This would give a dynamic viscosity of » = 460 


at 20 
Taste Ii. 
Viscosity of arsenic trifluoride from — 5° to + 10°. 


~4+5° +0-8° +63 
0-543 500 040 
Vit 1-32, 1-16, 


Tasre ILI. 
( urvent—voltage relation for antimony pentafluoride at 90°. 
Volts (v.). Amps. x 10° (J). (v/I) x 10°. 
3 -2 
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D.C. Conductivity of antimony pentafluoride from 5° to 90° 
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Taste V. 
Viscosity of antimony pentafluoride from 0° to 20°. 
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quinquevaient state with aqueous sodium peroxide and was precipitated and weighed as 
sulphide after of bydrogem sulphide through the solution rendered strongly acid 
antimony in the filtrate was precipitated after dilution and further 
precipitate being converted into the trisul by heating it at 2 
a -tree nitrogen (Found As, 21-1; Sb, 348; F, 43-0; Total As, 21-5. AsF, SbF, requires 
As, 21-5; Sb, 34-0; F, 43-6; Total As, 21-56%). 


Antimony tafluoride was converted quantita’ into the compound AsF, SbF, by treatment 
witha quod enees of the trifluoride. The solid out at 0° and after evacuation for 2 hours 
at 3) mm. pressure the weight became constant (Found: As™, 21:3; Sb, 343%; equiv, 346. 
AsF, SbF, requires As™, 21-6, Sb, 34-99%; equiv., 349). 

The absence of tervalent and the presence of quinquevalent antimony was shown bf qualitative 
tests with and rhodamine-B respectively in aq jut thus disposing of the possible 
structure AsF, SbF, 

Complex Formation om Arsenic Trifluoride.—Potassium hexaft fe fe. A slight excess of 
antimony tafluoride (1-07 moles) was washed into a flask containing potassium fluoride, by means of 
arsenic trifluoride, and, after refluxing, the excess solvent was remo as previously deseribed. The 
residue contained only 2%, of arsenic and had an equivalent weight of 267 after 2 hours im vacuo (KSDF, = 
275). In a second experiment, with a ratio SbF,/KF of 1-67, the residue contained 0-9% of arsenic. 


Potassium tetvafluoroborate. Boron trifluoride was bubbled, in the cold, through 15 c.c. of arsenic 
trifluoride containing about 0-3 g. of potassium fluoride, and the residue, after partia! removal of the 
solvent at room temperature, was heated to 180° to remove all traces of arsenic trifluoride. This 
eliminated the necessity of analysing mixtures of KAsF, and KBF, The residue was analysed by 
precipitating nitron fluoroborate and consisted of KBF, 80% and KF . The nitron precipitate was 
identified by analysis (Found: ©, 500; H, 45, N, 142. Cale. for C,.H,,N,F,B: C, 600; H, 43; 
N, 140%). 

In contrast to this experiment in the presence of arsenic trifluoride, 0-2 g. of potassium fluoride was 
recovered unchanged after being refluxed at — 95° with 20 c.c. of boron trifluoride alone. The condenser 
was maintained at —112° by means of solid carbon disulphide. 








Conductivity of Solutions in Arsenic Trifluoride.—-Addition of 0-15 g.-mol. of potassium fluoride per 
1000 g. of arsenic trifluoride increased the conductivity of the latter from 25 x WW to 
3-2 « 10*ohm™ cm." at 25°, without all the potassium fluoride going into solution. Similarly 0-135 ¢.- 
mol. of antimony pentafluoride per 1000 g. increased the conductivity to 103 x 10* at 25°. e 
fuming liquid which resulted when boron trifluoride was passed through arsenic trifluoride had a 
conductivity of 84 = 10”* compared with the initial value of 3-7 « 10*ohm™ cm.“ for the sample of 
arsenic trifluoride used 


The authors —- their gratitude to Professor H. J. Emeléus, F.R.S., for his advice and 
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455. Kinetics of the cycloPentadiene-Chloranil Reaction. A Note 
on the Configuration of Transition States in Diene Synthesis. 
By W. Rusu and A. WasserMann. 


The results of kinetic measurements make it probable that in a reactive collision of Diels- 
Alder diene associations the diene and the dienophile take up a mutual orientation in which 
six specified carbon atoms, including the four reactive centres, are not situated in one and the 
same plane. 


ly previous papers of this series (Wassermann, j., 1935, 828; 1936, 1028) the kinetics of 
bimolecular associations of the following general type have been studied, the substituent X 
being hydrogen in all cases : 


(¢.) 


The experiments now to be described deal with the bimolecular addition of cyclopentadiene 
to chloranil which is formulated as shown below (see Alder, Abderhalden’s “ Handbuch der 
Biologischen Arbeitsmethoden,”’ 1933, Abt. I, Teil Il, 2. Haelfte Bd. Il, p. 3110): 


This diene synthesis is of the same type as (1) but the substituent X is chlorine. It has 


been found that the kinetic parameters A and the activation energies E of (1) are not markedly 
different from the corresponding values of (2); and, based on these observations, an attempt 
is made to draw certain conclusions on the steric configuration of the transition state of these 
Diels-Alder diene synetheses. 


Experimentail.—_The molar extinction coefficient, 8,° of carefully purified chioranil in benzene 
solution is 15-9 4. 0-3 L. g.-mol.* cm." for light of 4700 a. Beer's law was tested in the e 6-002— 
0-04 g.-mol. /1. (20°) and found to be valid. rate of (2) is so slow that the light absorption of mixtures 
of chioranil and cyc nmtadiene could be measured before any appreciable formation of the addition 
product had occurr and it was established that the addition of cyclopentadiene gives rise to an 
increase of 8. The effe: t is shown in Fig. 1, the graph relating to a chlorani! concentration of 0-0200 
g.-mol./l. 

Other measurements showed that Beer's law holds for each cyclopentadiene concentration ified 
in the figure; further, cyclopentadiene-chioranil, the product of (2), is practically colourless, and, there- 
fore, the rate of this diene association can be measured by the same colorimetric technique as that 
described in our earlier ‘cy (1935, loc. cit.). In order to obtain reproducible results, reaction 
mixture must be kept in the dark, except during the relatively short s when light er 
measurements are actually performed. —— of mixtures of oye tadiene chiorani! for 
longer times to light of high intensity (¢.¢.. daylight) gives rise to the development of a deep red coloration. 


Taare I. 
Addition of cyclopentadiene to chloranil in henzene solution at 60°0°. (Initial concn. of 
reactants, 0-0378 g.-mol./l. Thickness of absorption cell, 0-600 cm.) 
Time (hours) 
Drum reading ( Filter 8 47) 
A(l. g.-moi.~* hr.) 
* At this stage 70°, reaction has taken place. 


T results of the kinetic measurements are in Table I a su 
Tadic tt The validity of Arrhenius’s equation & ce bane 


* B = (1/de) log, /,/I, where d is the thickness of the absorption cell, 5 thr eketinaninns, ~ rman 
and / are the intensities of the incident and the transmitted light. 
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and E relating to the addition of cyclepentadiene to chloranil are in the first line of Table 111, the other 
figures relating to the previously investigated reactions of the type (1) (Wassermann, locc. cit.). 


Taste IL. 
Addition of cyclopentadiene to chloranil im benzene solution : Summary of himetic 
measurements. 


Initial conca. of Initial concn. of 
reactants (g.-mol./1.) a reactants (g.-mol./1.). 


>», (1 g.-mol.* hr.) Temp. C,H, (lL. 
ame “Ss - » clots ‘Cobt 


8. 
0-63 
0-0377 * {ooiee oslo 
06-0189 . 00 060378 00378 Hy 
06-0189 ; 

0-00940 


Taste III. 

Kinetic A factors and activation energies, E, of diene associations of the type represented 
by (1). (All results relate to benzene as solvent.) 

Reactant (b) Substituent X. logy, 4 (4 in L. g.-mol.* sec.) 
pases ; + oS 


& 


eae oen . 


HHH-HHH B 


Chioranil . 
Beasoquinone peanes peeee 
ees ‘ 

rene ben z0quinone 
Aeraldehyde 
eyeloVentadiene 


Sere ee 
—— Aware . 
HHH HH 
eecces 
-eocoe 

os et ts Ot 
Seuo—e 
counooe 
easccea> 


Discussion.—-During a reactive collision of the diene and the dienophile in reactions (1) 
or (2) two types of mutual orientation are of interest. In the first mode of addition these 
reactants approach each other in such a way that the six carbon atoms, indicated by asterisks, 


Fis. 1 


Fic. 2 
Influence of cyclopentadions on molar 


absorption coefficient of chiorami im Validity —— equation im 
benrene (room temp ; 4700 a reaction 








ooa 





oe p08 L or 
* ads “OF Cste( 9 mol /t) 


are situated in one plane, such collisions being conducive for the formation of “ planar” 
transition states. In the alternative type of addition the reactants move towards each other 
in different planes as schematically represented elsewhere (Wassermann, /., 1935, p. 1512, 
Fig. 1; Trans. Faraday Soc., 1939, 35, 841), thereby giving rise to “ non-planar "’ transition 
states of a steric configuration somewhat similar to that of the fully formed product molecules. 
In the formation of the planar transition states the required juxtaposition of four carbon atoms 
can only be brought about if a considerable steric hindrance is overcome, this being due, inter 
alia, to interaction between the diene and the substituent X of the dienophile. Steric effects 
should be relatively large in reaction (2) because here the atomic radius of X is larger than in 
the associations of type (1).° If, therefore, planar transition states played a réle, one would 
expect that either the non-exponential A factor of the Arrhenius equation or the activation 
energy, E, or both, would change markedly on passing from the reaction in which X is chlorine 
to one in which X ishydrogen. It will be seen, however, that all the A factors in col. 3 of Table III 
agree within the limits of the experimental errors. The activation energies show a moderate 
variation, and there can be no doubt that the E value of the chioranil reaction is at least 2—3 


* The ratio nuclear separation C-C! /nuclear separation C-H is about 1-6 
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keals. larger than that of the associations involving benzoquinone or a-naphthaquinone; there 
is no evidence, on the other hand, that the activation energies listed in the last three lines of 
Table III are smaller than the value in the first line. It appears therefore, that on the whole 
the activation energy is not fundamentally dependent on the nature of the substituent X. 

can be regarded as evidence against the assumption that planar transition states play a 

in these reactions. The observations are compatible, however, with the alternative mode 
addition; for it is obvious from simple considerations of models that steric effects should 
less important if the reactants approach each other in different planes, thereby enabling 
close proximity of the four reactive centres without considerable interaction between 
substituent X and a number of atoms of the diene molecule. 


Writtam Ramsay anv Ratrn Forster Lasoratonies, 
Untverstry Cottecs, Lowpow, W.C.1. (Received, May 11th, 1950.) 


456. The Nitration of 2-Hydroxy-4 : 6-dimethylquinoline and the 
Preparation of Some Related Compounds. 
By J. L. C. Marats and O. G. Backrnero 


The nitration of 2-hydroxy-4 : 6-dimethyiquinol first studied by Balaban and reported 
by him to form the 3-nitro-derivative, has been reinvestigated and found to occur in position 5 ; 
in addition, a number of intermediate and related compounds is described 

4: 6-Dimethyi- and 2: 4: 6-trimethyl-¢ line have also been found to be nitrated in 

tion 5 

Acetoacetanilides cannot be oo by the action of heat: the product formed is not a 
quinoline derivative but a symmetrical diphenylurea 














Barapan (j., 1930, 2346), reporting on the nitration of a number of methyl-substituted 
2-hydroxy-4-methylquinolines, stated that nitration occurred in the benzene ring except with 
the 4: 6-dimethy! compound (I), where it occurred in position 3 

In general, he determined the orientation of the nitration products by oxidising them to the 


corresponding benzoxazolones, but he assumed that nitration of the 6-methyl compound had 
occurred in position 3 because Kaufmann and de Petherd (Ber., 1917, 50, 336) reported that 
trinitration of carbostyril formed the 3: 6: 8-substitution product, and since he was able to 
show that nitration had not occurred in position 8, and, because position 6 was occupied, the 
3-position was the only one available for substitution. Apart from the fact that the mono- 
nitration of (I) and the trinitration of carbostyril are not comparable, it is well known that the 
heterocyclic ring in quinoline and its derivatives is very resistant to nitration, and a re-investigation 
of Balaban’s nitration product has shown that it is 5-nitro-2-hydroxy-4 : 6-dimethylquinoline. 

Attempts to synthesise the S(or the 7)-nitro-dimethyl compound by cyclisation of 3-nitro- 
4-methylacetoacetanilide were unsuccessful; when this was warmed on the water-bath with 
concentrated sulphuric acid, hydrolysis to 3-nitro-4-methylaniline took place, and heating 
in an inert solvent (cf. Kermack and Muir, J., 1933, 300) afforded s-di-(3-nitro-4-methyiphenyl)- 
urea. Kermack and Muir stated that o-chloroacetoacetanilide could be cyclised to §-chloro-2- 
hydroxylepidine by the action of concentrated sulphuric acid or by heating it in medicinal paraffin 
at 260°. Repetition of this work showed that, although in the former case cyclisation did take 
place to some extent (cf. Johnson and Hamilton, ]. Amer. Chem. Soc., 1941, 68, 2867), the product 
in the latter case was not a quinoline derivative but s-di-(o-chlorophenyl)urea. It would seem 
that acetoacetanilides cannot be cyclised by the action of heat but are thereby converted into 
symmetrical diphenylureas (cf. Leuthardt and Brunner, Helv. Chim. Acta, 1947, 30, 958). 

The orientation of Balaban’s nitro-compound was determined as follows: (i) 2-Hydroxy- 
4: 6-dimethyiquinoline (I) was nitrated, and the product converted by the stages shown into 
5-chloro-4 : 6-dimethylquinoline (III). (ii) 4: 6-Dimethylquinoline formed a nitro-derivative, 
shown to be 5-nitro-4 : 6-dimethylquinoline (IV), which could be converted into the same 
chloro-quinoline (III). Thus, both the compound (I) and 4 : 6-dimethylquinoline were nitrated 
in position 5. (iii) On oxidation, the last nitro-compound (IV) formed a carboxylic acid (V) 
which, on decarboxylation, yielded 5-nitro-6-methyiquinoline (VI), previously prepared by 
Noelting and Trautmann (Ber,, 1990, 28, 3654) and by Bogert and Fisher (/. Amer. Chem. 
Soc., 1912, 34, 1569) by nitration of 6-methylquinoline; the former authors determined the 
orientation of this compound unambiguously. 
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The nitration of 2: 4: 6trimethyiquinoline was also studied: the product proved to be 
the 5-nitro-derivative. This was established by converting it into the corresponding chioro- 
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CH, CCH CO-NHC¢ 
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compound, condensing this with phthalic anhydride to the 2-phthalone, and oxidising the 
latter to the 2-carboxylic acid. On decarboxylation, this acid formed 5-chloro-4 : 6-dimethyl- 
quinoline (111) 

7-Chioro-6-methyiquinoline does not appear to have been previously prepared, and the 
&chiloro-isomer was prepared by Mazonski, Mielecki, and Sucharda (Kocz. Chem., 1936, 16, 
519) by a somewhat unusual reaction, viz., by heating p-nitrotoluene and glycerol with hydro- 
chioric acid at 160-~170°; both these compounds were accordingly prepared, and obtained in 
good yield, from the corresponding chiorotoluidines by the Skraup reaction as modified by 
Cohn (J. Amer. Chem. Soc., 1930, 52, 3685). 


EXPERIMENTAL. 
(Standardised, short-stem Anschi@tz thermometers were used for all m. p. determinations.) 


5-Nitro-2-hydroxy-4  6-dimethylquinoline (11). This compound was prepared according to Balaban 
(loc. ett.) in 95% yield. It was reduced to the 5-amino-compound (VIII) by tin and glacial acetic acid ; 
from 25g. of the nitro-compound, after the usual procedure, the amine was obtained as a brown powder 
(14-4 g.). 1 crystallised from alcohol in light-brown plates, m. p. 280°; Balaban gives m. p P. 


5-CAlore-2-hydrosy-4 : 6-dimethyiquinoline (V11).-—The foregoing amine (VIII) (15-45 ¢.) was dis- 
solved with mechanical stirring in hot dilute (1 . 1) hydrochloric acid (235 ¢.c.) and cooled to 0 some 
hydrochloride of the base separated. Sodium aitrite (6-6 g.) in water (16 ¢.c.) was added in portions, 
a clear orange-brown solution being obtained. The well-cooled diazotised solution was added dropwise 
with continuous shaking to a solutzon of coprous chloride (from 10-84 g. of copper sulphate) heated on 
the water-bath, and the heating continued for a further hour. The brown solid which separated was 
filtered off, washed, and dried; yield 17g. The 5-<Alore-compound crystallised from dioxan (charcoal) 
in fine, colourless needles, m. p. 264° (Found. C, 63-8, H, 49; N, 675. C,,H,,ONCI requires C, 63-6 
M, 48; N, 67%, Roberts and Turner (/., 1027, 1840) stated that the Sandmeyer method did not 
give good yields of chierequimoline derivatives and recommended the Gattermann copper-powder 
wrocedure;, without exception, the chloro-compounds here described were obtained in excellent yield 

the Sandmeyer method 


7-CAloro-6-methyibensoxazoione (1X).—-Attempts to oxidise Balaban's nitro-compound under a 
variety of conditions to a benzoxasolone derivative led only to the recovery of the unchanged material ; 
when the nitro-group was replaced by chlorine, the resulting compound (VII) was unchanged when 
subjected to oxidation under the conditions used by Balaban. However, a small yield of a product, 
which, ta the light of the results of this investigation. must have been 7-chloro-6-methylbenzoxzarolone 
(1X), was obtained under the following conditions. The chloro-compound (VII) (3 ¢.) was dissolved 
im aqueous pyridine containing potassium hydroxide (1-25 g.). The solution was boiled under reflux, 
and potassium permanganate (12-5 g.) added in portions during 30 minutes, boiling being continued for 
a further hour. The solution was filtered and pyridine removed by steam-distillation; a brown solid 
separated which crystallised from acetic acid in brown needles (0-2 ¢.), m. p. 270—280° (Found: C, 
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aa H, 3:3; N, 7-7%; M (micro-Rast), 182. C,H,O,NCI requires C, 52-3; H, 33; N, 76%; M, 





"¢-dimoth 
elzen, sand Guthrie JO ee thant 1947, 12, 203) for 


mee ppg en ges oy The dichlor-compeand (X, 
acetic acid (20 ce) ecient alas at been . 





b. p. 289—.200° /624 mm. ; m. p. 
requires C, 68-95; H. 83; N, 73 
(Found: N, 13-8. C 


sae NCLHgCl, requires N, 20%). 
to the other 2-chloroquinoline derivatives described ° 
. Chem. Russia, 1936, 6, 511) resulted in hydrolysis to the —ae 2-hydroxy-compound 
6- Dimethylquinohine.— This com 
4 ¢ dimethyiquinoline the method 
picrate had m. p. 243° ; #6 al. (Canadian J. Res., 
7 1913, 103, 104) 336-387", and Knorr (Annalen, 1888 =? i 
compound used in the uction was obtained in nd action 
ts E papa phy Chem. 


on ee ee nd, and had m. 
Soec., 1946. $44) reported m. p. 9b 968". . 


5-Natro-4 : 6-dimethylquinoline palm ds ere ys eo ge (7 g.). dissolved in concentrated 
oe py pe poe yee te orp oan og to —5°. A mixture of fuming nitric acid 
, @ 1-5) and concentrated sulphuric aci io a.a) eas qunbeaity obden te the caetie the tem- 
conten. being kept below 0°. The solution was a ay for a further 30 minutes, poured on ice, and 
made alkaline with aqueous ammonia; a I. iow solid (9 g.) separated It crystallised from 
high-boiling light m in pale yellow stou . m. p. 65° (Pound : C, 66-6; H, 6&1; N, 13-75 
C,, HON, requires C, 65-35; H, 4-05; x 138 ). wee te formed emall yellow needles (trom 
elconcl), mp 14° (decomp.) (Found : N, 16-4. CyH,O,Ny requires N. 16-29%), and the 
La tee m.p. 231" Maen y N,15-6. C,,H,,O,N,C,H,O,N, 
anduel 


5-Amino-4 : 6-dimethyiquinoline (X1).—-2 G. of the above nitro-compound (IV) were reduced with 
Fo on cd cams aden, wets artehalined Stas Miah boning taht and Trautmann (loc. ctt.), yielding 
1-2 g. of pure amine, ee Se comniees 
97° (Found: N, 16-5. CoH crystallised 
in fine colourless pla tesas peat, Ae : N, 12-3; H,O, 7-6. C,H,ON,H,O 
rio. 7%): when dried at 105° for 4 hours it it afforded the anhydrous nd 
(XI) was converted into the 
rhinly Sie by the Sandmeyer procedure ; the free base, its picrate, and 
tical with the P bt d from the reduction of 2 : 5-dichloro-4 : 6-dimethyiquinoline (X) 
5-Nitro-6-methylquinoline-4-carboxylic Acid (V).—-The nitro-compound (IV) (2 g.) was added to 
dium dich te (4 g.) in sulphuric acid (3-3 c.c. of concentrated acid in 10 c.c. of water). and the 
mixture gently heated under reflux for 2 hours; oxidation set in suddenly, with tion of the 
carboxylic acid. The reaction mixture was poured into water, and the yellow carboxy acid 0 &) 
yang tag Sey ging wept pect pper en ty itation with acid, had m P 
——_ ot ee ee organic solvents [Found : 67-1; H, 3-7; N, 121%; Mf 
uiv.), _ es Ube wires C, 56-9: H, 3-45; N, 121%; M, 232). The acid 
monn 


~tube over a small flame; the resulting sublimate was 
Bg ee teen 
aoe. nee a ae sand the sp henees 
ee aiibemanal decomp.) N, 161. oN, tar 16-2%) 
was obtained in thessetien’ vad. oe the 


5-Chloro-6-methylquinoline 
compound by the Sanders C, 67-7 Hae: Sr rire H, 45; x, $ 
yellow aggregates (from sical), tmp. : N,13-9. C,H,NC.C,H,OWN, requires 
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(from alc 217° (dec Found: N, 18-35. 
CHM HO, eure, 28 steel a 


d-Chlowe-4 meth prepared trom oye (10 g.) according to 
po may (Ber, 1931, @, “970) in 88 Wyre ae ty dilute alcohol in 
glistening m. p. 100-5—110" "voued 4. C,,HsO,NCI requires N, 62%). 


Te ccmpnnt bas mentioned in U.S.P. 2,112,764 


7-Chloro-2-hydroxy-4 : oy to Rose sane aoe (10 g.) mixed with 
See Caeaen Oe Ey San eae Sites <2 Ce waa Se 5 ae After cooling, the 
solution was poured into water, and the colourless product (§ 9 g.) crystallised from dilute acetic acid 
in small colourless prisms, m. p. 327° ( block). ge Oe pares Se ne Tae Se eee 
compound ee eaten at o-isomer (Found , 636; H. 49; N68. C,,H,ONCI 
requires C, 63-6, H, 4-66; N, 675%). 


2 : ToDichlorone 6-dimethyl 4 bt im theoretical yield from the foregoing compound 
the achom of phomphory! chide Te alia ro alco! i tng asain seein, 130 
(Found: N,@1. C,, Cl, sagas 5, 6 


1-Chloro-4 6-4 byl. was obt d a 85% yield by reduction of the 2-chloro-compound 
with cine and acetic acid. It cxyotaiiions from dilute alcohol in long shining needies, m. p. 104° yond 
C, @2; H, 61; N, 72. C,,H,NC wires C, 68-05; H, 5-2; “ey Haw the prcvate 

w needies Cope eS he. comp.) (Found: N, 138, C CLC, CON, requires 

13-85%), the stypanate -yellow plates (from alcohol), m. p. 244 N decomp.) (Found , 13-0. 

ChyHye® CoH ON, requires N, 12-8%) 

7 -Chloro-6-mathy née was obtained in small yield by decarboxylation of the oxidation product 
trom 7-chloro-4 iquinoline be petrofeue to the oe outlined above. It crystallised from 
dilute alcohol or = -bailing light m in tes, m. p. 77-—78° (Found: C, 67-5; 
H, 46; N, 7-7. Callies wires C, , +5; N. This compound was also prepared 
from 3-chloro-4- the Shree; ae as by Cohn (loc. ci#.). The mixture 
of 5- and 7-chloro- was obtained in 73.5% yield, and fractional crystallisation from high-boiling 
light petroleum one ae ome 7-chicro-compound as the less soluble product; 10 g. of mixed isomers 

4-1 g. of pure 7-chloro-compound. The 5-chloro-compound was not isolated in a pure condition 
the mother-liquors. The picrate of the 7-ch nd formed small yellow needles (from 
alcohol), m. p. 270-280" (decomp.) (Found: N, 13-6. C,,H,NCI.C,H,O,N, requires N, 13-86%) 
2-Chloro-4-methylacetoacetanilide was obtained in 41% yield by the method of Limpach (loc. cit.). 
it Ss from dilute alcohol in colourless, shining needles, m. p. 90-5" (Found: C, 58-8; H, 5-4; 
N64. C,H yO NCI requires C, 58-5; H, 53; N, 62%). 

8-CAloro-2-hydroxy-4 | 6-dimethylquinoline.—-6 G. of the above acetoacetanilide, on cyclisation with 
concentrated hy ony theme acid as previously described, yielded 0-4 g. of the twoare after crystallisation 
trem alcohol is formed colourless, shining needles, m. p. 235° (Found: C, 63-7; H, 4.9; N, 6-8. 

C,,H,ONCI requires C, 63-6; H, 4-8; N, 675%) 


§-( Alovo 6-meth noline.—-Otained in 68% yield from 2-chloro-4-methylaniline by the Skraup 
reaction as modified by Cohn (Joc. etf.), this (b. p ‘on 192°; 26 mm.) crystallised from high-boiling light 
petroleum in stout ocizuten a, m. p. 61:6"; he picrate crystallised from alcohol as yellow needles, 
m. p. 219--220°; Mazonski, Jecki, and Sucharda (loc. ott.) reported 62-5" and 213°, respectively. 

Reaction between 3-Nitro-4-methylaniline and Ethyl Acetoacetate —This reaction was carried out 
according to (i) Limpach (/ec. cit.) and (ii) Ainley King as modified by Carmack (/. Amer. Chem. 

oc., 1046, 68, 1809). (i) From ‘ g. of base, prepased according to Ullmann and Dootson (BSer., 1918, 

61. 9), 2 «. of 3-nitro-4-methylacetoacetamilide were obtained; it crystallised from dilute alcoho! in 
cream-coloured needles, m. p. 44-5" (Found ; N, 11-0. C,,H,,O,N, requires N, 11-99%). Thiscompound 
is mentioned in B.P. 450,021 but not described. (ii) The syrupy reaction product obtained from 46-5 g. 
of 3-nitro-4-methylaniline, after removal of excess of ethy! acetoacetate, was gently warmed with 200 
«.¢. of 4% sodium hydroxide and filtered from insoluble material. The filtrate was acidified with dilute 
hydrochloric acid, and the gummy product which separated solidified in the ice-chest ; it was filtered off, 
washed, and dried, giving 22-5 g. of crude 3-nitro-4-methylacetoacetanilide, m. p. 82-5" after one 
crystallisation from dilute alcohol. The sodium hydroxide-insoluble material was treated with cold 
dilute hydrochloric acid, filtered off, washed, and extracted with alcohol, leaving a smal! quantity of 
insoluble residue. On evaporation of the alcoholic extract, 14 g. of crude 8-(3-nitro-4-methylanilino)- 
rotono-3-nitro-4-methylantiide (X11) were obtained, which crystallised from alcohol in orange-yellow, 
microcrystalline ~~ m. p. 176" (Pound: C, 583; H, 50; N, 15-15. C,,H,,O,N, requires C, 58-4 
H, 49; N, 161 When this was warmed with dilute hydrochloric acid for one minute, it was 
hydrolysed to a ~. of 3-nitro-4-methylaniline and the corresponding acetoacetanilide. 


The alcohol-insoluble residue referred to above consisted A. 0-5 ¢. of brown solid; it crystallised 
from dilute acetic acid in pale brown plates, m 256--257° (Found: N, 17-0. Calc. for C,,H,,O,N, 
N, 17-00%), unaltered by admixture with >i (3-nitro >-4-methyipheny!) jurea prepared according ¢ to 
Sonn's method (Her. 1914, 47, 2437); m. p.s 251-—252° and 245° were reported by Vittenet (Zentr., 
1899, 21, 659) and by Manuelli and Ricca-Rosellini (Gazrefia, 1899, 29, II, 124), respectively 

Attempted Cyclisation of 3-Nitro-4-methylacetoacetansiide._-Warming with concentrated sulphuric 
acid in the usual manner caused hydrolysis, and only 3-nitro-4-methylaniline was isolated ; heating this in 
an oil-bath at 160-170° for 2 hours, or in medicinal paraffin at 240° for 5 minutes (cf. Kermack and 
Muir, loc. ctt.), afforded 1-<di-(3-nitro-4-methylphenyl)urea described above, but no quinoline desivative. 


Eaperiments with o-Chloroacetoacetamtlide,._Cyclisation with concentrated sulphuric acid formed 
§-chloro-2-hydroxy-4-methyiquinoline, m. p. 214-5°, in 26%, yield, confirming the result obtained by 
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pat Sees Be Oat, ee Oe cote awe heated in medicinal parafhn at 
and Muir (Joc. cit.), tho predest oon ante derivative, 
=? p. 235-5°, identical with the compound prepared o-chioroaniline 





5-Nitro-2 : 4: 6-trimethyl. —?: stain 470 limetets (96g). m. aA 45", on nitration by 
Gapaaeinanantie tion of 5-nitro-4 ve 28-5 g. of the 5-nitro- 
oe which crystallised dilute alcohol in 


N, 180. CyyH ON C067: H 598; N. Rs trom 
os yellow plnoen, =p. It 0 pt (Pound = S150. dregs 167%). Attempts 
to convert this a S'phthaioes 


5-Amino-2 : 4: rage caer was reduction chet the above nitro-compound 
according to Price et al. (loc. cit.) in 04 > sot eran tere eer 
m. p. 139—139-5° (Found: N,152. C, , requires N, aad a the prcrate formed fine To 

needles, m. p. 227° (decomp.), from alc: (Found : N, 17-1, Cul’ »CeH,O,N, requires N, 16-90%). 


Ras elas tn calmed ontea ae tear 


a, ee dom ye paws. m. p. 49-50", 
It was slowly volatile in steam from bag N. 6 NC uires N, 6- ae eek, the prctate ate tormed 
fine yellow needles, m. p. 207°, nae te ound . 2 130. C,,H,NC), CHy O,N, requ N, 12-90%) 


5-Chloro-4  6-dimethylgus 2-phthalone.—The above 5-chloro-compound (2 g.) was mixed with 
thalc anhydride [18 g) and fused sine chloride (0° f) and heated in an ol, fy at 170-180" for 
hours. The cooled product was dissolved in acetic ac red into water, giving 2 g. of a yellow 
amorphous solid. This crystallised from dioxan in «mall ~yellow needles, m. p. 268° (Found: C, 
713; H, @2; N, 44. ae i ma 71-55; H, oe N, 42%). in NO BS 
acid according to Koenigs and 1004, 37, 1322), the phthalone formed the 
2-carboxylic acid which was insoluble i in the usual organic reagents. It ee 
ees Se Oy eee Sa a small quantity of of] was formed w 
alcohol and converted into the picrate, which after crystallisation from alcohol had m. p. 218°, unchanged 
by admixture with the picrate of 5-chloro-4 : 6-dimethyiquinoline (III). 
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457. A Molecular Compound of Anthraquinone and Dianthron-9-yl. 


By V. M. Inoram. 


The preparation of a molecular compound, (anthraquinone), dianthron-9-yl, is described 
and its composition established. 


DurInG attempts to prepare derivatives of 10-diphenylmethyleneanthrone by the condensation 
of anthrone with the keto-chlorides of aromatic ketones in boiling xylene solution (cf. Schénberg, 
et. al., J., 1946, 442) it was found that dichloro-m-nitrodiphenylmethane acted simply as an 
oxidising agent, the anthrone being converted into dianthron-9-y! (I)* (cf. Ingram, /., 
1950, 2246). When the keto-chlorides derived from o-benzoylbenzoic acid and its ethyl ester 
were employed, the product consisted of anthranyl o-benzoylbenzoate (II). Attempts to 
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condense o- and m-benzoylbenzoic acid with anthrone by prolonged heating in benzene solution 
in the presence of piperidine, ammonium acetate, and acetic acid according to Cope’s method 


known as 9: 9- or 10: 10’-dianthronyl. The name now used is preferred as being less 


* Previously 
ambiguous.—Ep. 
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(J. Amer. Chem. Soc., 1941, 63, 3452) resulted in the formation of a compound consisting of one 
molecule of dianthron-9-y! combined with two molecules of anthraquinone; the benzoy!benzoic 
acids take no part in this reaction. 

This compound formed pale-yellow prisms, m. p. 241—-243° (decomp.), dissolved unchanged 
in concentrated sulphuric acid, and showed delayed thermochromism in high-boiling solvents ; 
when boiled vigorously for several minutes in methyl salicylate the initially yellow solution 


only observed when heating was carried out in small soft-glass (not 

appeared likely, therefore, that the thermochromism was not due to the 

original compound, but to another substance, produced during the heating by dehydration, 

aerial oxidation, or enolisation induced by the alkali of the glass, or by a combination of these 
reactions. 

The first indications as to the constitution of the compound were obtained by an examination 
of its behaviour on acetylation and also on oxidation by bromine. When heated first with 
pyridine and then with acetic anhydride, it gave mse to anthraquinone and an acety! derivative 
which could not be isolated in a pure condition, but showed in light-petroleum solution the 
characteristic mauve fluorescence of 10 : 10’-diacetoxydianthrany! (III; R = Ac). 

Treatment of the compound with hot pyridine alone brought about a separation into two 
fractions, of which the less soluble was identified as anthraquinone, whilst the more soluble 
fraction gave orange solutions in aqueous alkalis and was oxidised by bromine in pyridine 
solution to dianthron-9-ylidene(9 : 9’-dianthraquinone) (IV). 

From these results it would appear that the substance is a molecular compound of anthra- 
quinone with 10; 10’-dihydroxydianthrany! (I11; R =< H) or its keto-form, dianthron-9-yl. 
Since the original substance has only a very faint colour and does not dissolve in aqueous alkalis 
until it has been submitted to the enolising action of pyridine, the second component is 
undoubtedly present in the keto- or dianthronyl form. The relative proportions of the two 
components were determined by pouring a hot pyridine solution of the compound into an 
excess of aqueous sodium hydroxide. The weight of anthraquinone thus precipitated 
corresponded to 45% of that of the original compound. On acidification, the alkaline solution 
furnished the same amount of 10: 10’-dihydroxydianthranyl, which was isolated as the diacety! 
derivative. The compound therefore contains one molecule of dianthron-9-yl combined with 
two molecules of anthraquinone 

Confirmatory evidence of the composition was finally provided by the preparation of the 
compound in quantitative yield by cooling a hot concentrated solution of dianthron-9-yl 
(1 mol.) and anthraquinone (2 mols.) in a mixture of glacial acetic acid and methy! salicylate. 

The peculiar behaviour of the molecular compound in exhibiting delayed thermochromism 
only when heated in small soft-glass tubes is now readily explicable. The alkali present in the 
soft glass induces enolisation of the dianthron-9-yl component, and this is followed by aerial 
oxidation of the resulting 10: 10’-dihydroxydianthranyl to the thermochromic dianthron-9- 
ylidene, a process more likely to occur during the vigorous boiling of a small quantity of liquid. 


EXPERIMENTAL. 
M. p.s are uncorrected) The microanalyses are by Drs. Weiler and Strauss, Oxford. 


Preparation of the Molecular Compownd.-A mixture of anthrone (5-0 g.), ammonium acetate (4 g.), 
piperidine (1 c.c.), and a acetic acid (6 ¢.c.) was heated under reflux with benzene (75 c.c.), in an 
apparatus containing a Dean and Stark water separator, until the melting point of the crystals deposited 
from a sam of the solution rose to a temperature higher than 210°; this wired 30 hours. The 
compound (3-0 ¢.) separated from glacial acetic acid in arborescent growths of pale > yellow 
prismatic needies, m. p. 241-243" (decomp.) (Found: C, 837; H, 43; active H, 0-3 H,,0, 
requires C, 83-5; H, 42; active H, 06-25%). It dissolved in concentrated sulphuric acid e “form a 
fluorescent orange solution, from which, after 24 hours at room temperature, it was precipitated 
unchanged by the addition of ice-water 


Onidation..A solution of the compound (0-5 g.) in pyridine (4 c.c.) was boiled for 2 hours, cooled, 
and then treated dropwise with a solution of bromine in pyridine (16% w/v) until further addition no 
longer produced a transient green coloration. The yellow solid, which was “— sited, separated from 
acetic acid-methy! salicylate (1: 1) in magnificent golden-yellow rhomboids. ¢ compound had too 
high a m. p. [335° (decomp.), cx block) to be used for identification purposes, but it showed the same 
thermochromic colour changes (emerald green, hot; yellow, cold) in solution as dianthron-9-ylidene 
(9 ®-dianthraquinone), and a microscopic comparison of the hly characteristic crystals with thos 
of an authentic specimen of the quinone left no doubt as to its identity. 

Separation of the Compownd oop Se Sento —A pyridine solution pe oan ee the compound 
(2-0 g.) was boiled for 2 hours and then pow into 0 well-sturred, hydroxide 
(100 c.c.; ™.), comtaining a little sodium sulphite. The anthraquin one thus srecigttnted was again 
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heated for half an hour with pyridine (15 c.c.) eg gree rt pays 
100 a Gen See and mixed in oa 9 
Some of that's > rot oh ond eumenpented t amou g.) to 
The aqueous from which the oe pation peiaioieas teas ater olen 

with tev hndeochiorie ack acid, 10: I0"ainydronydianthrany! a precipitate, which after 
Gmn6 ean contin’ ty Sieg See coe hor with pine (10 ec) and mnt andre (2 
water furnished 10 : 10’-diacetoxydianthrany! (1 corresponding to 90% of the 


poner clay ze vi. The 
acetic anh (0-5 c.c.), characteristic vorescence 
petroleum solution and had m. p. 270—282°, pee a dena k > patica econ amr ga 


temperatures, but become 


 atinthien ita iain nae ccatiaiiaei eae late remained unchanged when kept in the dark 
es be agit mae et arnae eee 
a few rs, ext 


from unchanged 
Ssiashoun 0 yliden by bolas baled it mantel eclimtete, The prodact did not show thermochromusm 
and was only very sparingly ee 8 ee ee ee but dissolved readily in sulphuric 
acid to form dark-red solutions having an intense greenish fluorescence. It does not melt, but chars 
com ly when introduced into a c Block at temperatures ue 20 The constitution has 
not determined, but from the te ett.) on the action of sunlight on 
compounds similar to dianthron-9-ylidene, the pate he By greg condensed polynuclear 
quinone of type (IV) (Pound: C, 87-1; H, 325. C,,H,,O, requires C, 87-9; H, 3-2%). 

Anthranyl o-Renszoylbenzoate a. — A benzene solution of o-benzoyiben. chloride, from the 
acid (5 g.) and thionyl chloride (Martin, /. Amer. Chem. Soc., 1916, 88, 1142), was gradually added to 
anthrone (4:5 g.) dissolved im the same solvent (20 c.c.), the anthrone having previously been enolised 
wey Seating Ss SO aeteeine ip Ce gerne of ppere 882 The resulting solid consisted of a 
mixture of anthraquinone, formed by the internal condensation of the acid chloride, — ae 
o-benzoylbenzoate, which, after extraction from the quinone with hot xylene, crystallised from methy! 
salicylate in colourless hexagonal prisms, m. p. (decomp.) (Found : C, 834; H.46. C,,H, 
requires C, 83-5; H, 46%). The ester was also produced in yield (74%) in an attem: minced its) 
10-(o-carbethoxydiphenyimethylene)anthrone by boiling a x solution ( reas al (17 g.) 


for 3 hours with the crude keto-chloride prepared from ethy! o-benzoylbenzoate (20 g.) and phosphoru 
pentachloride (20 g.) 
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458. Unsaturated Lactones and Related Substances. (a) Introduction. 
(b) Part I. Unsaturated y-Lactones from Keto-acids. The Position 
of the Double Bond. 


By F. A. Kvuent, jun., R. P. Linsreap, and B. A. Orxrn. 


An introduction is given to the series of 

Comparative experiments have been out on the various reactions used to distinguish 
between af- and Sy-unsaturated y-lactones. For this purpose af- and br. angelicalactones 
and homoangelicalactones have been prepared, and also the lactones of 2-hydroxyeyclohexy!- 
ideneacetic acid and of 2-hydroxyeyclohex-l-enylaceti acid. Analogous unsaturated lactones 
contateios the cyclopentane ring could not be obtained. 

The diagnostic reactions examined were the ae 

reactions with water, alkali, 
reliable differences 


these the best were the reactions with dich) 
nitrate. 





(a) Iwrropuction. 
In 1939 a programme of research was commenced on physiologically active unsaturated lactones. 
This included both a study of naturally occurring material such as the heart poisons of the 
i is group and synthetic studies. The work planned was interrupted by the war and 
subsequently by other duties. There has been considerable activity in this field during the past 
decade (see, ¢.g., review by Haynes, Quart. Reviews, 1948, 46) and some of the work carried out 
by the senior author and his collaborators has been anticipated. The investigation of some 
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aspects of the chemistry of these interesting materials is now being renewed, and it seems 
demrable as a first step to give some account of those aspects of our earlier work which are most 
complete and do not with material published in the interval from other laboratories. 
This introduction is to act as an index to the four papers which follow, and which are 
necessarily somewhat disconnected. 

Part I deals with the preparation of unsaturated lactones from various keto-acids and with 
reactions which are said to be diagnostic of the position of the double bond (a$- or Sy-). Part II 
describes the application of the Rosenmund reaction to the preparation of aldehydo-acids 
together with certain related topics. Parts III and IV deal with unsaturated lactones which 
contain a further functional group, either carboxyl or carboxylic ester. Part III describes the 
lactonisation of §-ketoadipic acid and the chemistry of the substances obtained. Part IV deals 
with the isomeric materials made by the lactonisation of muconic acid. 

The work described in Parts I and II was carried out at Harvard in 1939-1941; that on 
muconic acid was commenced at Harvard at the same time and is now being continued at the 
Imperial College. Part LII is a description of recent research (1949—1950) at the Imperial 
College, which is being pursued 

The pharmacological activity of a number of the unsaturated lactones described in these 
papers has already been reported (Krayer, Mendez, de Espanes, and Linstead, /. Pharm. Exp. 
Ther, 1942, 74, 372; Krayer, Mendez, and D. Todd, ibid., 1943, 77, 113). 


(6) Parr I. 


it was desired to make a direct comparison between pairs of unsaturated y-lactones with the 
double bond in the a$- and #y-positions. For this purpose there were prepared the two angelica- 
iactones ([and Il; R « Me), and the two homoangelicalactones (I and II; R = Et), the prepar- 
ation of which does not call for special comment. We have also prepared a pair of unsaturated 
lactones containing the cyclohexane ring (III and IV). Since this work was done (Kuehl, 
Ph.D. Thesis, Harvard, 1042) the preparation of the a$-cyclohexane lactone (IIT) has been 
described by Cocker and Hornsby (/., 1947, 1157) and by McCrae, Charlesworth, and Alexander 
(Canadian J]. Res., 1943, 21, B, 1), and Newman and Van der Werf (J. Amer. Chem. Soc., 1945, 
67, 233) have described preparations of both of the lactones. In our synthesis, cyclohexanone-2- 
acetic acid (m. p. 73° in agreement with the above workers, but not with Chuang and Ma, Ber., 
1935, 68, 871, who give m. p. 40°) was prepared from cyclohexanone-2-carboxylic ester by 
conventional reactions. On direct pyrolysis the keto-acid gave a mixture of af- and #y-un- 
saturated lactones in which the former predominated. Our results thus resemble those of 


Ch CH 


RCH CH rc 86H, 


oO <o oO Lo 


0 
I Il.) i! 


Newman and Van der Werf (who used acetic anhydride for the lactonisation) and our products 
resemble those described in the literature. The solid lactone undoubtedly has the double bond 
in the a$-position (see below) 

We have also prepared the a$-lactone by oxidising cyclehexylideneacetic ester with selenium 
dioxide in acetic anhydride to ethyl 2-acetoxyeyclohexylideneacetate. This on hydrolysis 

ielded 2-hydroxyeyclohexylidene-l-acetic acid which on pyrolysis yielded the a$-lactone (III) 

somewhat contaminated by isomeric mnpurity 

Comparison between a8- and Sy-Unsaturated Lactones —We have applied to these three pairs 
of lactones the reactions which have been suggested by various workers as being capable of 
distinguishing between the aS- and Sy-isomerides, together with a few new diagnostic methods 
The reactions examined can be divided into three groups: (i) Colour reactions and reducing 
properties ii) Ring fission by water and alkali. (iii) Ring fission involving the formation of 
esters and anilicdes 

The value of the various tests has to be interpreted with caution. It is a matter of difficulty 
to free the various lactones completely from all traces of their isomerides. Samples of a$-lactones 
contaminated with traces of the much more reactive Sy-forms may give quite misleading results 
in colour and reducing reactions. This difficulty does not apply with the same force to reactions 
in which stoicheiometric quantities are involved 

(i) The best known colour reaction for unsaturated lactones is the Légal reaction with 
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nitroprusside, The usefulness of this test as a means for distinguishing between <§- and 
Sy-isomerides depends upon careful control of the alkalinity of the solution. The best pH for 
this purpose is about 11-0 and under the conditions described in the Experimental! section a 
considerable difference between the af- and Sy-forms is observable. In our hands the use of 
potassium ferricyanide as suggested by Linville and Elderfield (J. Org. Chem., 1941, 6, 273) gave 
unreliable results. Better than either of the foregoing was 2: 6-dichloros 

which with the Sy-compounds at pH 11 gave a blue fading quickly to a light pink whereas the 
2$-compounds gave a permanent blue colour. We also examined the well-known capacity of 
unsaturated lactones to deposit silver from suitable solutions. We found ammoniaca! silver 
nitrate to give quite distinct differences between a$- and Sy-compounds whereas Tollens’s 
reagent is immediately reduced by both types. 

In general, our observations on these reactions are consistent with the view that the rapid 
reactions are those of the Sy-compounds, whilst those of the «$-isomerides may be due to 
preliminary shift of the double bond to the reactive position, which only occurs readily at higher 
pH values 

(ti) Fission by water and alkali. The a$-compounds which we examined were neutral in 
aqueous solution: the development of acidity is a useful indication of the presence of By 
impurity. Thus, Sy-angelicalactone gave a solution in water of pH 4—4°5. When aqueous 
solutions of the Sy-compounds were boiled the corresponding y-keto-acids were slowly formed 

The reactions with alkali are complex and several courses are open according to the experi- 
mental conditions. The %y-compounds are abnormal, being opened rapidly to the salts of hydroxy- 
acids which are the enolic forms of y-keto-acids and rearrange into the keto-forms. The 
a$-lactones are more normal. They are less acidic and their initial fission is slower. From the 
alkaline solution obtained it is possible to regenerate some a$-compound. However, a side 
reaction intervenes in the migration of the double bond (in either the opened or the unopened 
lactone) to the Sy-position followed by formation of y-keto-acid. The extent of this process 
depends upon the reaction conditions and on the particular system under investigation. A 
full investigation of these complex reactions calls for refinements in technique which are at 
present being examined. 

(iii) Formation of esters and anilides. None of the af-compounds examined reacted with 
alcoholic hydrogen chloride, whereas all three Sy-compounds were readily converted into the 
esters of the corresponding y-keto-acids. These could be readily identified by the formation 
of ketonic derivatives. Under our experimental conditions normal keto-esters were obtained 
and not the pseudo-esters recently described by Langlois and Wolff (J. Amer. Chem. Soc., 1948, 
70, 2624). 

Luked and Prelog (Coll. Czech. Chem. Comm., 1929, 1, 182, 461, 617) showed that Sy-angelica- 
lactone and homoangelicalactone were converted into the anilides of the corresponding 
y-keto-acids by treatment with aniline. We have confirmed this reaction and find it to be 
useful for diagnosis. All three %y-compounds give y-keto-anilides, and none of the af- 
compounds reacts under the same conditions. The structure of the keto-anilides was 
confirmed by the preparation of ketonic derivatives. We also examined the reaction of 
ammonia but the results are less clear-cut and the products more difficult to isolate. 

The many-sided physiological activity of unsaturated lactones has received much attention 
recently. The chemical reactivity of Sy-unsaturated y-lactones is so high that the possibility 
must be borne in mind that the observed behaviour with biological systems may be due to 
artefacts and not to the lactones themselves. Results must therefore be interpreted with 
caution. The chemistry of lactones containing the system “CH°{C-O-CO> resembles that of acid 
anhydrides in many ways and there are analogies with other reactive systems, for example, viny! 
ethers and 2 : 3-dihydrofurans. 

We can summarise our experience as follows: The most reliable differences between «$- and 
Py-unsaturated lactones are shown by the reactions with alcoholic hydrogen chloride and with 
aniline. The dichlorophenolindophenol test is a useful colour reaction. The reactivities 
toward alkali are significantly different but the processes are complex 
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were also made with the object of seeing if an unsaturated lactone could be 


Experiments 
prepared of similar structure to (III) or (IV) but with a cyclopentane ring in place of cyclohexane 
7c 











2216 Kuehl, Linstead, and Orkin : 
cycloPentanone-2-acetic acid, however, behaved differently from the 


od of Tole . Wolff's procedure (Annalen, 1885, 289, 249) 
Thiele. The levulic acid 


[Re)p- 
24-64 
24.04 


Colour reactions. Standard solutions were prepared from 20 mg. ae Seiewe on 6 04 of 50% 
One c.c. of this solution was added to an equal volume of rré aqueous sodium 
—— } C.c. of this mixture was then added to 2 c.c. of each of solutions: 1% 
2% borax. 4% sodium carbonate, 1% sodium hydroxide, the pH's being 
vely. The following colours were observed 
9. ll. 13. 
Pink, fading fast Immediate red, fading in 


BO secs 
Light pink, becom- Immediate dark red, Bright red, fading in 30 
ing stronger fading slowly 





Similar tests were carried out with a 0-1% solution of 2 : 6-dich) b i in place of the 
nitroprusside, the resulting mixture being added to the buffer solutions. 
9. il. 13. 
No change Slow fading Fades rapidly through 


to colourless 


By-Lactone Pades to Fades rapidly to Fades very rapidly to Fades instantaneously to 
brownish-red brownish-red eovwutth-oon brownish-red 


Both lactones gave negative Schiff reactions and immediate deposition of silver from Tollens's reagent 
Ammoniacal silver nitrate (prepared by adding ammonia dropwise to 10% silver nitrate until the pre- 
cipitate just redissolved) was unaffected by the ef-lactone and gave an “instantaneous precipitate of 
grey-black silver with the By-lactone 

Reactions with aleohol. af-Angelicalactone (2-9 g.) was refluxed with 50 c.c. of 96% alcohol, 2 c.c. of 
10%, hydrochloric acid, and 6 ¢.c. of water (1 hour The bulk of the alcoho! was removed, and the residue 
taken up in ether and extracted with concentrated potassium carbonate solution and with water. The 
residue after removal of the solvent was distilled, the af-lactone being recovered, b. p. 45°/1 mm., 
neutral in aqueous solution, reducing Tollens's reagent but not ammoniacal silver nitrate, and giving no 
ketonic derivatives 

A similar experiment was carried out with 2-75 g. of By-angelicalactone. The neutral product 
(1-7 g.) distilled at 67°/3 mm. and gave the semicarbazone of ethy! levulate, m. p. and mixed m. p. 148— 
iw 

Reach wih anil By-Angelicalactone (1-01 g.) was set aside with freshly distilled aniline (1-12 g.). 
After 24 hours the solid product was triturated with hexane, dmed on a tile, and ued from 
hexane. The levulic anilide obtained ee at 990100° and gave a semicarbarone, m. p. 172° (Found : 
C, 680, 682, H, 66,65; N, 242, 23-8. C..H,.O.N, requires C, 58:1; H, 65; N, 22-6%), and a 
2:4 dinitropheny th ydrazone, m.p. 224°. The anilide is identical with that described by Lake’ and 
Prelog (Joc. ett.) and by Helberger ef al. (Annalen, 1949, 561, 215). The ready formation of ketonic 
derivatives confirms the open-chain keto-formula assigned by Luked and Prelog 

A corresponding experiment with the a8-lactone left a clear liquid after 4days. From this, unchanged 
aniline and af-lactone were recovered 

2. Homoangelicalactones (I and Il; RK = Et Methy! homolavulate was prepared following 
Clutterbuck and Raper (Biochem. ]., 1925, 19, 202) from 8-carbethoxypropiony! « nioride and ethylzinc 
todide. On hydrolysis it gave homolavulic acid, m. p. 39-—40° (Maire, Bull. Soc. chim., 1908, 9, 285, 
gives m. p. 36-37 The yield was 66 ¢. of keto-acid from 100 g. of the half-chloride. The semi- 
carbazone melted at 169-170" (Campbell and Thorpe, J., 1910, 97, 1315, give m. p. 176°). The keto-acid 
(66 ¢.) was kept for 3 hours with acetic anhydride (68 g.) and a few drops of acetyl chloride. The low 
boaling uct was distilled out at 60°/10 mm., and the residual acetoxy-lactone pyrolysed at about 
200°/200 mm. The combined crude unsaturated lactone was washed in ethereal solution with aqueous 
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tnethylamine 
72*/1-6 mm., off* 1-4576, sos neue tap rasan C, 63-9; 
haere dna Tio ecco ss 2 


Sodium nitroprusside : 
At pHi... . ®. 1. 
es : Faint pink Pink 





. 9%. 1. 
<< No change in 5 minutes --—_——_> 


Fades in 5 secs. Fades in 3 secs. 


Tollens’s reagent : 
Grey, tu to black in 5 secs. No colour or 
Im k precipitate Black prec 


stone was refluxed with 





engl tery eden ep ol was substantially unchanged, with b. Pp bee 67's] mm. and the 
reducing properties described a 


When Remnsongeienianions was leh evsenlahs Sm aubinn £8 aaah) Senses otnihe ane S08 

heed ok eee On, ects Inne ae . 0192", in 

Frac with Luked and Sh ea She eupeentasens Saas tes, Mm. p. 16 —162", trom 

alcohol (Found : C, 59-9, oo. = 7-0, 69; N, 21-0, 21-7. CyH,,O,N, requires C, 50-5; H, 6-9; 

Sochaneeh nder the same conditions the ef-lactone did not deposit any s and was recovered 
unc i 


3. Lactones of 2-Hydroxycyclohesylideneacetic Acid and of 2-Hydroxycyclohes-\-en Aed an 
and IV).—" Molecular " rye 9 g.) in dry benzene (850 c.c. ) was treated with ethy 
se After 24 hours’ euing on Senn Sat, Cae antes or Spee 

tm y and the product heated overnight. Distillation of the neutral product 6. (49%) of 
cyclohexanone-2-carboxylate-2-acetate, b. p. 185—105°/25 mm. Ja ysis of tie (2 vols. of 
poe se hydrochloric acid; 8 hours’ refluxing ) and fractionation of the product yielded 46-5 g 
(60%,) of cyclohexanone-2-acetx acid, b. p. 147—152 2mnm., her with a forerun of unsaturated 
lactone (7-5g.). After dissolution in alkali, followed acid. tion, ether extraction, and distillation, 
the cycichexanone-2-acetic acid could be talline’ om benzene-hexane; it had m. p. 72-5—~74° 
ee SaaS C, 61-4; tee 8 uiv., 164-0,156-1. Calc. for C,H,,0,: C, 61-5; H, 7-7 equiv., 156-1). 
melted at 134—135° and its ethyl ester at 195-196" ‘Chuang and Ma, 

loc. cit., give sretehniee"). Preparation of the acid from sodamide, cyclohexanone, and ethy! chioroacetate 

was less satisfactory but gave the same product. 


Lactomisation. Tho eels betn ckd 100-5 6.) no hantat 06 Bay" Set oo beams, and the residue distilled 
through a column. by Pg of crude lactone (b. p. 106—116"/1 mm.) was 73%. Further fractionation 
the «f-lactone (III), we mp mm. 
tion from ether ¥- ~—O°. It then at 24° 
69-5; H, 7-2%). negli seen. 
141-8 (Cake. : Rs re 


a by addition 
* 1/1245, waate ale SOR, an exaltation of 0-76 unit. 
A less satisfactory method of preparation is the following : ethy!] cyclohexylideneacetate (29 g.) was 
refluxed with 60 c.c. of acetic anhydride and 20 g. (1 ) of selenium dioxide for 24 hours. The 
product was cooled and filtered; the filtrate was warmed with water, neutralised with m hydrogen 
carbonate, and extracted with ether. The ethereal solution (Norite) was dried and freed from solvent, 
and the residue distilled. —~f 2-acetoxycy etate distilled at 102-—106°/2-5 mm, 





(25% yield). It was hydrol with 25 "sodium hydroxide at room temperature. The 
2-hy: en oe 154° (Found: C, 61-46; H, 77%; equiv., 158-5 
C,H ,,0, requires C, 61-6; H, 7-8%; Le. giv. 156-1). ft was heated at 24 for 15 minutes and the product 
ted into acid and pseudo-acid , and the united 
do-acid fractions were distilled. roe Coens 


reducing b. p. (127 ), *, 1-6105). 
ye ms Ls aint ty perorsveionts (Pound: C, 6-4; H, 7-2. 
C,H,,0,: C, 60-5; H, 7-2%). 


sun 70, tain the Tho no-beling wonton wae'e ccammehieed ond atetiied of bam” The The traction 
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of b. p. 66-03" /1 mm we the keto-anilide (see below) in 95% yicid and hence must have been 
substantially pure; it ce not be obtained crystalline (Found : C, 69-1; H, 7-6%). 


Reactions. These were carried out as described for previous lactones. 


9. il. i3 
+ -— - —~ No colour change —--_-——-_-> Yellow colour 
<—~ Faint pwk — > Strong red, fading sueng red, fading to 
in 2 mins. low in 30 secs 


A positive Légal reaction was given by the ef-iactone in higher concentrations. 
P| : 6 Dich! ph 7 A hh j 


8. v il 13. 
<————-- No colour change --—-——> Colour faded in 30 secs 


Colour faded to brown Colour faded Colour faded immedi- 
in | min in 10 seca. immediately ately 





The Sy-lactone gave an immediate black Pe wage with Tollens's reagent and with ammoniacal 
silver nitrate. The af-lactone gave a pomtive Tollens’s test in 2 seconds but no reaction with ammoniacal 
silver nitrate in 3 hours. 


The af-lactone was substantially unchanged by boiling with water for 8 hours; the fy-lactone gave 
10% of keto-acid under these conditions. A solution of the af lactone in 20% aqueous sodium hydroxide 
was kept overnight, the pseudo-acid fraction (38%) was unchanged lactone, the acid fraction (62%) was 
eyclohexanone-2-acetic acid (m. p. and mixed m. p.} 


The By-lactone was boiled for | hour with alcoholic hydrochloric acid as already described. No 
lactone could be detected in the product, which was identihed as ethyl 2-acetate by the 
formation of the semicarbazone, m. p. and mixed m. p. 195-—196°. The af-lactone was unchanged under 
these conditions 


The #y-lactone was kept for 2 yo at room temperature with aniline he solid product was 
triturated with ether and crystallised { rom sonnets Care, The anilide (95%) of  oyeebenanone-?- a 
acid had m. p. 1192-120" (Pound: C, 73-1; H, 7-3 ott 7O,N requires C, 72-7, H, 7-4%), and 
formed a semicarbazone, m. p. 196-5—197° (Found; C, 62-5; H, 69. CygH Oy requires C. ‘62-5; 

A similar experiment with the a8-isomeride gave unchanged materials 


—e Preparation o bmw ag Lactone from cyclo Pentamone-2-acetic Acid. — cyclo Penantone- 
2- ae acid (Linstead and 1934, 040) was pyrolysed in 10-g. lots at 270° for | hour, during 
which time about | c.c. of water wo doting out. Heating of the product at 20 mm. left the bulk behind as 
an intractable tar, and an indefinite distillate passed over of h a considerable portion boiled at 119°. 
Trituration of the distillate with ether left a crystalline solid. The ether-soluble portion yielded no 
lactonic product. The solid crystallised from benzene-hexane and melted at 169-5—171-5° and was 
probably the dimer ester (VI) (Found: C, 67-6; H, 65%; M(Rast), 252; equiv., 120-7. C,,H,,O, 
requires C, 67-7; H, 66%; M, 248; equiv., 124). No reactions typical of unsaturated lactones were 
given by this solid or by the liquid portion of the distillate 


eyeloPentanone-2-acetic acid (5 g.) was heated for 30 minutes with acetic anhydride (4 g.) and two 
dre of acety! chioride. The bulk of the acetic acid and anh was then removed by distillation, 
and the residue warmed with water and extracted by means of ether. Distillation yielded an oil, b. p. 

111-5°/2-5 mm., epee 2- O8%) Tae note l-enylacetic acid (Found: C, 58-5, 58-4: H, 66, 6 
material was unsaturated, did not form a semicarbazone, and 


CoH yO, aad, segues C, 58-7 
regenerated the parent RAs. on alkaline hydrolysis. On pyrolysis, in an atmc 
enol acetate (25 g.) began to lose acetic acid at about 180° iliation of the product at 3 mm. yielded 
material of indefinite b 4 which was soluble in aqueous alkali, and gave a positive Légal but a negative 
i 


here of nitrogen, the 


Tollens reaction. The highest-boiling portion yielded some of the dimeride C,,H,,O,, m. p. 170°, 
described above. The remainder of the material ed to be essentially a mixture of cyclopentanone- 
2-acetic acid and the unchanged enol acetate, and we obtained no reliable evidence of the presence of 
unsaturated lactone in it 


Harvarp University, Cameaipor, Mass 
Iupemtat Cottecr oF Scrence anp Tec#NoLooy, 


S. Kenwstworon, Lowpox, §.W.7 Received, May Sth, 1950, 
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459. Unsaturated Lactones and Related Substances. Part II. The 
Synthesis of Aldehydo-acids by the Rosenmund Reaction. 
By Wriuias S. Jonnson, R. P. Liwsteap, and R. R. Wuerstows. 


The Rosenmund tion of aldehydes can be to the 
of the hath ohachpden of enecinle antle" apuieiienplenasitne Vo —— 
of the two isomeric half-esters which, 


means Sages > 


= 
eens Same Se een oe ee eee The s-cyelo- 
t desbeathen io tuations with Gant taade tyr MAONAGNS ond bis eowemum ber Goines 
. The formylation of an e-substituted succinic ester thus occurs on the unsubstituted 
carbon atom, contrary to Ranganathan and in agreement with Carriére. 


Tae most important cardiac glycosides, such as those of digitalis, contain a characteristic 
unsaturated y-lactone group substituted by a steroid residue on the §-carbon but with no 
y-substituent. This lactone is formally derived by loss of water from the enolic form of a 
p-aldehydo-acid. With the object of extending our knowledge of these comparatively in- 
accessible compounds, we have investigated the partial reduction of succinic acids. 

It has been shown (Rosenmund, Ber, 1918, 51, 585; Rosenmund and Zetzsche, ibid., 
p. 504; Rosenmund and Zetsche, ibid. 1921, 54, 425; Zetzsche and Fiitsch, ibid., p. 2888; 
Zetzsche and Enderlin, ibid., 1922, 55, 609) that acid chlorides can be hydrogenated to aldehydes 
in the presence of a poisoned palladium catalyst, and that the reaction can be used for the 
preparation of the dialdehydes of dibasic acids (Zetzsche and Flitsch, loc. cif.; Zetsche and 
Enderlin, joc. cit.). We now find that it can be successfully used for the preparation of the 
corresponding half-aldehydes. 

The half-methyl ester, half-chloride of succinic acid yielded succinaldehydic ester in 60% 
yield. The product was characterised as the semicarbazone, which was hydrolysed to the 
known semicarbazone of succinaldehydic acid. 

Attention was next turned to the cydohexylsuccinic acid series in which the alicyclic ring 
parallels ring p of the steroid skeleton. The parent acid (I) was readily prepared by the 
interaction of cyclohexyl] bromide with the sodium derivative of carbethoxysuccinic ester, 
followed by hydrolysis. It was hoped that the large unsymmetrical substituent would bring 
about some distinction between the two carboxyl groups in their ease of esterification (compare 
Bone, Sudborough, and Sprankling, J., 1904, 85, 534), The addition of sodium methoxide to 
the anhydride of (I), however, gave a liquid mixture of the half-esters (Il; R << H) and 
(Ill; R <= H) which could not be separated. 


CoH, CHCH,COH CH CHCHYCOR | CM GHc H,-COMe 
0,H OMe ‘OR 
(1.) (I1.) (T1L.) 

By the addition of sodium benzyloxide to the anhydride of (1), it was found possible to 
isolate one of the half benzyl esters as a homogeneous crystalline solid, but in too poor yield 
for practical purposes. At the time that this work was done (1941), it was not known that the 
half-esters half-chlorides of unsymmetrically substituted succinic acids could rearrange in the 
manner which has since been demonstrated by Cason (J. Amer. Chem. Soc., 1947, 69, 1548) 
and Stdllberg-Stenhagen (ibid., p. 2568). The half methy! esters were accordingly converted 
into the mixture of half-ester half-chlorides (II and II]; R= Cl). This again resisted all 
attempts at separation of the isomerides. There was no selective decomposition of the two 
acid chloride groups with either alkalis or p-toluidine. In the course of this phase of the work, 

C,H, CH CH,CONH<,H, 
O,R 


which is described in detail in the experimental section, the p-tolylimide and di-p-toluidide 
of (I) were prepared, and a homogeneous mono-p-toluidide (probably IV; RK = H) was obtained 
by the action of p-toluidine on the anhydride : it yielded a hornogeneous methy! ester. 

In view of these difficulties we examined the Rosenmund reduction of the mixed half-ester 
half-chioride (II and II]; R = en eee oe Se CORO eee 
would be simpler. These expectations were realised. 

The hydrogenation required a catalyst containing only a trace of the usual sulphur- 

* We are indebted to Dr. James Cason for this experiment. 


(Vv) 











Johnson, Linstead, and Whetstone : 
; i ie crmoenen SRA agnne, 00: 00RS, eds a> meee 


> half the theoretical amount of hydrogen chloride was liberated rapidly, 
and a further 20-30%, quite slowly. This suggpsted a possible selective reduction of the two 
chlorides but attempts to stop the reaction at the half-way stage and separate the aldehyde and 
unreacted chloride failed, owing to the polymerisation of the former during fractional dis- 
tillation. For the same reason it was found desirable to carry the reaction to completion, distil 
the aldehyde rapidly under reduced pressure and convert it at once into semicarbazone. The 
yield of semicarbazone (V and VI) is 90% and the overall yield in the 6-stage synthesis from 
a a angry ester is over 50%. 

The semicarbasone hed an indefinite melting point but was easily separated into two 
isomeric components, melting at 151° and 118—119°. These substances undoubtedly have 
the structures (V) and (VI), respectively. 

CMa PCCD OOM, C,H, CH-CH,-CO,Me 
‘O,Me ‘H-N-NH-CO-NH, 
(¥.), m. p. 151" (V1), m. p. 118—119" 


While this work was in progress Elderfield and his co-workers described some related 
syntheses (Fried, Rubin, Paist, and Elderfield, Science, 1940, 91, 435; Rubin, Paist, and 
Elderfield, J. Org. Chem., 1941, 6, 260; Paist, Blout, Uhle, and Elderfield, ibid., p. 273). In 
the course of this they prepared the ester-semicarbazone (VI) by a method which left little 
doubt as to the structure. Through the kindness of Professor R. C. Elderfield we have com- 

the derivatives formed by the two methods. Elderfield’s compound melted at 119— 
119°5* and a direct comparison proved its identity with ours 

The structure of the second isomeride was proved as follows: the dimethyl ester of cyclo- 
hexylsuccinic acid was formylated by means of ethy! formate and sodium ethoxide, following 
the general method of Wislicenus, Béklen, and Reuthe (Annalen, 1908, 363, 340). The product 
gave every indication of being a mixture of the true formy! ester (VII) and its enolic isomeride 
Hydrolysis and decarboxylation of (VII) to the desired aldehydo-acid proved difficult, as is 

y true for substances of this class (Carriére, Ann. Chim., 1922, 17, 38; Ranganathan, 
J. Indian Chem. Soc., 1939, 16, 107). The best results were obtained by using aqueous oxalic 
acid at 100°. The aldehydo-acid (VIII) [which may exist wholly or partly in the lactol form 
(Carriére, loc. cit.; Blaise and Courtot, Bull. Soc. chim., 1906, 35, 989)) yielded a semicarbazone 
of m. p. 175°. This on treatment with diazomethane gave the semicarbazone of the correspond- 
ing methyl! ester (V), m. p. 150°. This was identical with the high-melting isomeride from the 
Rosenmund reaction, The identity was confirmed by the preparation from both samples of 
the semicarbazone of the same 2 : 4-dinitrophenylhydrazone 


C,H, CH ———— HCO, Me C,H, CH-CH,CHO 
€0,Me CHO ton 


(VII) (VIIL.) 


This work proves that the formylation of the ester of a monosubstituted succinic acid (such 
as I) occurs on the methylene group. This was assumed by Carriére (loc. cit.) in his investigation 
of the corresponding derivatives of ethylsuccinic acid and is clearly to be expected on general 
grounds. Ranganathan (loc. cit.) has, however, taken the opposite view. He investigated 
the formylation of cyclopentylsuccinic ester and interpreted the reaction as proceeding on the 
substituted carbon atom, so that the final product would be §-formyl-§-cyclopentylpropionic 
acid (type VI and not type V). The present work shows this view to be mistaken, and the 
structural formule proposed by Ranganathan require correction in this respect. Ranganathan 
also carried out some preliminary experiments in the cyclohexane series but does not appear 
to have proceeded beyond the anhydride of the parent acid (I). Since this work was completed 
Swain, Todd, and Waring (/., 1044, 548) have described the formylation of cyclohexylsuccinic 
ester and have given the products the structures (VII) and (VIII) by analogy with the formylation 
of phenylsuccinic ester. These structures are now proved 

Only preliminary work was possible on the lactonisation of the aldehydo-acids described 
in this paper, but similar studies have been described by Elderfield, Todd, and their collaborators 
(loce. cst.) 

EXPERIMENTAL 
All m. p.s are corrected.) 


Methyl 8 aye epionaiy.—Succinic half methyl ester acid chloride was prepared by the action 
of phosphorus oxychloride on the sodium salt (Michaelis and Hermens, Ber., 1892, 26, 2747). The 
latter compound was prepared by the action of sodium methoxide on succinic anhydride as in the case 
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analogue Gescribed below. The acid chioride (12-7 g.), b. p. 84-—85°/14—15 mm., 
was reduced in the presence of 2 g. of m-barium sulphate and 40 


and Fehling’s solution, formed a 


ylpropionate, which colourless prisms, 
41:3; H, 62. eis OwNy reas © H, A 
was suspended in n-sodium hydroxide solution it 


When the Paes < 
sista and the wnnnarbanine ofthe coreapunding acid a 

This compound crystallized in prisms, m. p. >. 100-191" yes 
(Carriére, loc. ctt., gives m. p. 194—195"). 

1: 1: 2-Tvicarbethory-l-cy —The sodium salt of carbethoxysuccinic ester was 

by adding 147-0 of the eater ( , Annalen, 1882, wig LL bids Sd nec nd 
in excess of fate alcohol. After the alcohol had beea removed at the water 
dried at 100°/2 mm. for two eee sodium aby yy (154 g. 
with vad of cyclohexy! bromide c.c. Seat 9 hours. 
washed with water, und dried (Na,SO,), and the m pw a cyclohexy! bromide were 
at the water-pump. Fractionation of the resid rn yk 112 of materia b. p. 143-——158°/1—2 mm., 
and after redistillation, 91 g. of b. p. 166-—198° caaelare se 


cycloHerylsuccinic seid —This acid was peeeeas S paare 6 SPS a of the above 
ester, 300 ¢.c. of concen’ rochloric acid, Wee ol alcohol 48 hours Soe es exyetednens 
directly from ee cohd eotatlon yield 19-1 g. (90%), m. 144-146". It crystallised from 

light petroleum in small colourless prisms, m. p. 144—145 (Swain, Todd, and Waring, Joc. a 
m. p. 146—147° for acid made by a different method). The condensation is much more 
pee yy Spe pepnndi te weding: Age be be re bevy oy which than (Joc. tt.) quotes 
a yield of 25% of an ester, giving a 67% yield of the acid (I). 

The anhydride was distilled from a mixture of 104 g. of the acid and 25 c.c. of acetic anhydride 
which had been heated for two hours on the steam-bath. It boiled at 164—165°/8 mm. and solidified 
ose ae solid, m. p. 34-6—35-5"; yield, 8-0 g. (97%). yer pte 
pam eg Ay ee less tablets, m. p. 35-—36° ( than gives ~>. 42°). The acid-p-tolwidide 

bly [V; Ro Se ET ee p-toluidine to the anhydride 
cutenetn, pemapaetien SES GOS, 


ide (probably IV; R = CH,) 
colourless needles, m. p. 120—121° (Found : 
Cc, 71-4; H, 

condnaatioinine Half Methyl Ester a ‘and Ill; R OH). a standard solution of sodium 
methoxide in methanol (0-816wn. ; ns sed against potassium ac Ss ee oe Ses ¢.c.) was added 
to a chilled suspension of cyclohexylsuccinic ——, aye g g.) in methanol obol was then 
removed at 40° (water-pump), - Swe crystalline residue of sodium salt was dissolved in water, and 
the solution filtered, washed once with ether, and treated with a slight excess of hydrochloric acid. The 
_ tated oily half-ester was taken up in ether, washed with water, and dried first over sodium sulphate 
nally, after removal of the solvent, in a vacuum desiccator (Found: on two different samples, 

pa 219, 212-2. Cale.: 214-2). 


When submitted to vacuum distillation the half-ester partially decomposed into methanol and the 
anhydride, indicated by a depression of the ivalent. Also, when distilled material was converted 
into the acid chloride, some dichloride, evidently arising _ anhydride, appeared to be present, since 
a di-p-toluidide was isolated on treatment with From methanol it formed felted 
needles, m. p. 250—250-56" (without decomp.) (Found: N, 7. a Cy,H,,O,N, requires N, 7-4%). 


The half benzyl ester was prepared by treating the anhydride with sodium ben a 
according to Bischoff (Ber., thos. 38. 139) by heating equivalent quantities of 
alcohol in benzene. The formation = sodium benzyloxide was incomplete and qunsopenatiy the 7 
of half-ester was diminished. On long storage the oily ester deposited some crystals which were 
triturated = light petroleum and recrystallised from ether-light petroleum ; bold colourless prisms, 
m. p. 0— 

cycloHerxylsuccinic half methyl ester acid chioride (11 and se R = Cl) was 
the above half methyl ester with an ———— 
im Organic Chemistry,”’ D. C. Heath and Co Next n 
for one hour and fractionated. The acid chloride distilled at /2—3 mm. as a colourless 
liquid; yield, 23-4 g. (91-5% from anhydride) (Found: Ci, 15-3. ‘CH. woe requires Cl, 15-2%). 


A mixture of ester p-toluidides was formed by treatment of the acid chloride in acetone with an 
excess of p-toluidine. On addition of dilute hydrochloric acid the crude p-toluidides ted as an 
oil and solidified when scratched. After crystallisation the materia) formed colourless needles 

dilute alcohol, melting indefinitely between 130° and 140°. A was treated with 
After dilution water a solid residue 
colourless needles. 


a peaks need ty ee ‘ pie of te pestis ropa Ae hessribed above. 
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The mixture treated filtered, and 
distilled at 124—130° /4—5 mm. as a colourless liquid ; yield er (73%) 
to a methanol solution of semicarbazide, 
and sodium hydr 
sodium 
crystallised; yield, 61 ¢ (88-6 
from dilute methanol the less solubi 
m. p. 150-151"; yield, 28g. After one rec 
formyl-a-c V) melted constantly at | 
CysH,,0,N, requires “45; H, 83%). 

The enneenteted mother: wor yielded on standing overnight the isomeric semicarbazone, 256. 
m. p. 110-115". One rec tion from dilute alcohol gave 1-9 g. pen sa m.p. 114—117". A 
ou on sed several times yielded the pure semicarbazone of methy! f-formy!- p-cyclohexy!- 

‘1), m. p. 118—119". A mixed melting point with a sample of Elderfield's semicarbazone 
1T 119") showed no depression. 
Formylation of cycloHeryleucewnsc Ester. —-Dimethyl cyciohexyisuccinate was prepared by refi 
of acid (I) with 150 c.c. of methanol and 6 c.c. of sulphuric acid for 6 hours. fostntes on ws 
ester boiled at 122—~125°/2 mm.; yield, 40 g., 80%. 
ydrous alcobol (13 ¢.c.) was added to 200 c.c. of ether containing 5 g. of sodium wire. At 
of the reaction (overnight) a mixture of 40 g. of above ester and 17 g. of freshly distilled 
. After 2 days at room temperature, the product was decomposed with 50 g. 
of ice and 60 c.c. of 20% sulphuric acid. The aqueous layer was removed and extracted with ether. 
The united ethereal solution was then extracted with three successive portions of 50 c.c. of cold saturated 
potassium carbonate. The aldeh ester was recovered from the alkaline extract by acidific- 
ethen, ethan entenstion, and distillation. product (VII) was a viscous oi! boiling over a considerable 
—— pomees Carriére, Joc. cit.) but mainly in the range 145—156°/2—3 mm. All fractions gave a 
red colour with alcoholic ferric chloride. This was most intense with the lower-boiling fractions, which 
presumably contained most of the enol. When the ethereal layer which had been extracted with 
carbonate was allowed to stand for two days and was again extracted with potassium carbonate, a 
further quantity of the formy! ester was recovered, indicating the formation of more enolic material 
on standing. Total yield: 144 ¢. (32%) 

B-Formyl-a-cyclohexyiprepionic Acid (VIII).—-The formyl ester (VII) (2 g.) was heated with 1-5 g 
of oxalic acid and 5 c.c. of water for 5 hours in a slow current of steam, by which time the evolution 
of carbon dioxide had ceased. The residue was extracted with ether, and the extract washed with 
calcium acetate solution and water, and dried (Na,SO,). The residue from the ether distilled between 
wl and 155°/2-3 mm. as a viscous oil which was converted into a semicarbazone in the usual way. 

ated at 0° as a flocculent precipitate which after crystallisation from dilute alcohol had m. p 
eet Lo ‘de 0- . ‘ ary t was soluble in aqueous sodium carbonate but insoluble in water 
(Found : C, . H,,0,N, requires C, 54-5; H, 7-0%). 

The ne tan was pana with diazomethane in methanol. It yielded the methyl ester 
semicarbazone (V) which melted at 149-—150° alone or mixed with the corresponding substance prepared 
through the Rosenmund method 


Samples of the ester-semicarbazone opens by both procedures were warmed with an alcoholic 
solution of 2. 4-dinitrophenylhydrazine yellow crystals so formed were then recrystallised from 
alcohol. Both products melted at 132—133" after a jal melting at 111—112°. After a further 
crystallisation from acetic acid the pure 2 : 4-dintwr azone of no th “eae et 
onate was obtained from both samples, melting oo at 132-6. 5—133° ; ; HL 58 
Cy pl gO N, requires C, 54-0; H, 5-9%) 
Hydrolysis of the formy! ester (VII) with hydrogen bromide in acetic acid yielded eyclohexyisuccinic 
acid (m. p. 143-144") and an unsaturated lactone not yet fully investigated. This lactonisation has 
since been studied by Swain, Todd, and Waring (Joc. cit.) 


Harvarnp University, Campripos, Mass 
Impeetat Cottece or Science awp TecnwoLtooy, 
5S. Kewstnotow, Lowpow, S.W.7. Received, May 8th, 1950.) 


© It seems necessary to determine t te pw om amounts of catalyst and poison before the reduction 
is started. The introduction of addit catalyst after the reaction is in progress has no apparent 
effect on the rate of reduction. Thus, when the components were mixed with too much poison to permit 
any reduction to begin, additional catalyst did not serve to initiate the reaction 
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460. Unsaturated Lactones and Related Substances. Part Il. 
a-Ketoadipic Acid and y-Carborymethylenebutanolide. 
By Uctr Erswer, J. A. Evvincs, and R. P. Linsreap 


cad eee peeee St Oe ee O cularid to demeiied. Cyake 
from (readily availabie) is described. C 





—— 


Tue dehydration of y-keto-acids is a standard method of making unsaturated y-lactones (see, 
¢.g., Kuehl, Linstead, and Orkin, Part I, /., 1950, 2213). We have now examined the possibility 
of obtaining an unsaturated lactonic acid from a keto-dibasic acid. The product is of interest 
as having a double bond in an unusual position, exocyclic to the y-lactone ring; moreover, the 
presence of a free carboxy! provides a functional group capable of modification and thus increases 
the possible range of variation in physiological activity. 

The acid selected for study was §-ketoadipic acid. Its esters (I) have been prepared from 
the half-esters, half-chioride of succinic acid by the routes (4) and (6), and the acid itself (IT) 
by their hydrolysis (c) with cold concentrated hydrochloric acid : 


acid. 


CO,R-(CH,),-COCi CO,R Hy sCOCHL., R’ 
, 


Na acetoacetate 
(@)* Et Mg-malonate Ni, ether 
Y 
CO,R-(CH,),CO-CH/(CO,R), 
(ILL) 


CO,RCH,) CO-CH,CO,R’ 
(L.) 


oe 
CO,H“CH,),CO-CH,-CO,H 
a 


* Bardhan, /., 1936, 1848 

* Ruggli and Maeder, Helv. Chim. Acta, 1942, 26, 936 

* Stevens and Beutel, /. Amer. Chem. Soc., 1943, 66, 449 
* Riegel and Lilienfeld, sid., 1945, 67, 1273 

* Richter, Helv. Chim. Acta, 1949, $8, 2318 


Yields of (1) 
R’- 


The decarbethoxylation stage of method (5) gave very variable results in our hands and the 
overall yield of ethyl 6-ketoadipate (1; R = R’ = Et) was seldom more than 16%. We 
therefore examined Luke’, Kastner, Gut, and Herben’s synthesis (Coll. Czech. Chem. Comm., 
1047, 12, 647). These authors found that ethanolysis of the readily available benzoy! derivative 
of furfuraldehyde cyanohydrin gave 45% of a product which contained ethyl §-ketoadipate, 
although this could not readily be isolated in a state of purity, We have confirmed this result 
and the method offers no advantage. 

We next a 


this 
proved highly satisfactory. From the reaction of 





ethy] §-keto-a-carbethoxyadipate (III; R = R’ = 
by vacuum distillation, in yields of 70—80%. The triester was characterised by formation of 
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the phenylpyrazolone, and the structure was proved by hydrolysis with cold alcoholic potassium 
hydroxide to malonic and succinic acids, which were isolated quantitatively : 


; Re RY = Et) 
aie. ROH 
™“ 
CO,Et-(CH, 7 ——CH-CO, kt (CO,H-CH,), + CH,(CO,H), . 
N co 
NPh 

Treatment of the triester (111; RK «— R’ = Et) with cold concentrated hydrochloric acid, 
followed by evaporation of the solution to dryness at 30--35° under reduced pressure, readily 
afforded §-ketoadipic acid (11) in quantitative yield. Previous workers, when effecting the 
similar stage (c) (above), have isolated the §-ketoadipic acid by evaporation of the hydrolysate 
over potassium hydroxide in a vacuum desiccator at room temperature, a process which even 
on the quite small scale is unduly lengthy 

Lactonisation of §-Ketoadipic Acid.—First attempts to lactonise §-ketoadipic acid by heating 
it with acetyl chloride afforded mainly a neutral product, C,,H,O,, m. p. 164°, which gave no 
coloration with ferric chloride, unlike §-ketoadipic acid or its esters which give, respectively, a 
purple and a deep red. It appeared to be the anhydride (IV) of the required lactonic acid. In 
agreement with this formulation, the substance was found to react with water at room 
temperature, yielding the desired lactonic acid, C,H,O,. This also failed to give an immediate 
coloration with ferric chloride, but after being warmed with water the solution gave a reddish 
colour with that reagent. This corresponds to the hydrolysis of the lactonic acid to $-ketoadipic 
acid, a reaction which was subsequently demonstrated by the isolation of the latter as the sole 
product. Treatment of the lactonic acid with ethereal diazomethane afforded the crystalline 
methyl ester (VI). Suitably prolonged treatment of the anhydride (IV) with water gave a 
mixture of lactonic acid (V) and §-ketoadipic acid, whilst from the reaction of the anhydride 
with boiling methanol, the lactonic acid (V) and methyl §-ketoadipate were isolated, together 
with some §-ketoadipic acid. The methyl ester (VI) of the lactonic acid was not obtained. 
The results suggested that the lactonic ester (VI) reacts more readily with methanol than the 
acid (V). In an attempt to convert the lactonic acid (V) into the anhydride (IV) by warming 
with acetic anhydride, a high yield of the mixed anhydride (VII) was obtained. With methanol, 
(VII) afforded the lactonic acid (V) quantitatively . the other product of reaction was presumbly 
methyl acetate 


il CO,H*(CH,) -CO-CH,CO,H 
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When §-ketoadipic acid was heated with redistilled acetyl chloride or treated for longer 
periods with acetic anhydride at room temperature, 70% yields of a crude solid were obtained. 
By fractional crystallisation, the lactonic acid (V) was isolated in about 10% yield: the 
remainder of the material consisted of a mixture of the anhydride (IV) with a small amount of 
another neutral substance of m. p. 189°, which was sparingly soluble in the common solvents. 
From its analysis and ultra-violet light absorption spectrum this substance appeared to be 
isomeric with the anhydride, but it was recovered unchanged after treatment with cold water 
Lack of material precluded its further investigation. 

Treatment of §-ketoadipic acid with acetic acid which had been saturated with dry hydrogen 
chloride proved abortive, since the starting material was recovered. Treatment at room 
temperature with acetyl chloride containing hydrogen chloride, however, afforded the lactonic 
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acid as main product. ee ee 


the : 
y-carboxymethylenebutanolide (V) was correct. The isomeric lactonic acids (VIII) and (IX) 
would not give succinic acid under the conditions employed. 


eM Sc-cH,co,n GUS CH cHCHyCO,M 
(VIII) (IX,) 

During the course of this work a communication by Richter appeared (Helv. Chim. Acta, 
1949, nenttun tait coum af Ehud tok Be oie te meee ee 
the corresponding half esters of §-ketoadipic acid (1; R= H) by cyclisation under 
comparatively vigorous conditions. Richter’s description of the lactonic methy! ester indicated 
that it was identical with our product (V1), and consequently his oxidation results, ¢.g., formation 
of oxalic acid, and of succinic acid and its anhydride on ozonolysis, also serve to support the 
exocyclic double-bond structure (V) for the lactonic acid. Very recently, Richter (sbid., 1960, 
33, 20) has claimed the preparation of the lactonic acid (V) in 2°6% yield by treating methyl 
ethyl 6-ketoadipate (I; R =— Me, R’ « Et) with concentrated sulphuric acid. We think it 
highly probable, however, from his description of the product, its melting point, and failure to 
react with diazomethane or immediately with aqueous sodium carbonate, that it is not the 
lactonic acid (in spite of the analysis quoted) but is identical with the anhydride (IV) described 
above. 

The lactonic acid (V) has a ble bond exocyclic to a y-lactone ring. In most of its 
reactions, it resembles a rat. than an af-unsaturated y-lactone. For instance, when it 
was refluxed with dry containing a trace of hydrogen chloride, methy! levulate was 
formed, being isolated in 43% yield as its 2 : 4-dinitrophenylhydrazone. With boiling absolute 
methanol alone, (V) underwent no change during 2°5 hours, while even after being refluxed with 
methanol containing 0°5% of water, it was recovered very largely unchanged. The slow ring- 
opening with cold water to §-ketoadipic acid has already been mentioned. After treatment of 
(V) with concentrated aqueous ammonia, followed by vacuum evaporation at room temperature, 
a white deliquescent solid was obtained. With water, or on being warmed with organic 
solvents, this material evolved carbon dioxide and afforded a neutra] product identified as 
lavulamide : with acid 2 : 4-dinitrophenylhydrazine solution it gave the dinitrophenylhydrazone 
of lavulic acid. On keeping the lactonic acid (V) with aniline in a solvent lavulanilide was 
formed, and the lactonic ester (VI) under these conditions gave methy! §-anilid 
acetate (compare Sy-angelicalactone, Part I, Joc. cit.). With sodium methoxide in absolute 
methanol the lactonic ester (VI) afforded methyl §-ketoadipate which was isolated and 
identified by conversion into the semicarbazone and known phenylpyrazolone. The lactonic 
acid (V) failed to react with p-nitrotoluene-w-thiol. The ready loss of carbon dioxide which 
occurred in the ring-opening reactions of the lactonic acid (V) is noteworthy. 

Hydrogenation of the ester (VI) in the presence of platinum resulted in an uptake of 2 mols. 
of hydrogen, and an oil was obtained which on warming with aqueous hydrochloric acid 
afforded adipic acid. Complete hydrogenation of the lactonic acid (V) under similar conditions 
gave adipic acid direct, 50%, Hydrogenation of (V) gave a mixture of adipic acid and unchanged 
lactone (V). The behaviour on reduction of the unsaturated system present in (V) and (VJ) 
resembled many of the results of Jacobs and Scott (J. Biol. Chem., 1930, 87, 601; 1931, 98, 
139), who found that a$-unsaturated lactones gave normal dihydro-products but that many 
Sy-unsaturated y-lactones were fully hydrogenated to deoxy-acids. However, $-substitution 
was a factor which reduced the capacity of A?-lactones for this abnormal reaction. Our new 
lactonic acid (V) has the double bond next to the point of lactonisation and resembles Jacobs 
and Scott's simple Sy-unsaturated y-lactones in its complete conversion into deoxy-acid. 





EXPERIMENTAL. 


Ethyl B- Keto-a-carbethosyads pate .— — to the directions of Riegel and Lilienfeld (loc. cit.), 
B-carbethoxypropiony! chloride (60 g., b. 
(40 g.; recrystallised from acetic anh 
of ethyl magnesiomalonate (from 
mixture refluxed and stirred for 4 bours. 
solution of sulphuric acid (96 c.c.) in water (1900 ~~ 
separated, and the aqueous layer extracted once b 
washed with a little water, dried (Na,SO,), nnd distilled. finally u 
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forerun, ethyl pee ee gy (76-5 g.; 73% calculated on f-carbethoxypropiony! chloride) 
was collected as a colourless oil, b. p. 144°/0-2 mm., 1-4506 (Found - C. 45. 70. cote 


requires C, 54:2; H, 70%). The ester givep a red coloration with aqueous 
The ester (1 g.) in methanol was allowed to react nts pagyandrne a 8 
pa a MOT KT A E azoline-3- 
eto he neaeiees Be ueous methanol as cream-coloured needles, m. p. 61--62° (Found : N, 8-5. 
09 N, requires N, +4%). 


Alkaline Hydrolysis oe Ethyl yay Ne ~The ester (3 g.) was treated overnight with 
4 solution of potassum od hig whee od c.c.}), and the solution then acidified 
hydrochioric all end Gleneen 


pr 
aZetowe aorded a mistare of tude which was teated with eer (48 cc) The residue (0-89 g.) had 
by succinic acid, whilst evaporation of the ether gave malonic acid (1-12 g.), 
MTT which on recrystallisation had m. p. 136—137° alone and in admixture with an 
specimen. 


s- Retuatipte Aad.— Spl gp pay my y age (76-5 od gE kept at room tem: wae — 

concentrated hydrochloric (200 c.c.) for 36 xide was evolved 

the solution wan ee I tags Mg ab em yet me weg heen ters <aiiah toa tees tree 
some oecluded hydrochloric acid by keeping it overnight in a vacuum desiccator containing potassium 

poor whey my the #-ketoadipic acid (42 g., yield quantitative) had m. p. 115° (decomp.) needed no 

further purification. 


Lactonsation Eaperiments.—(a) The anhydride ~i , een one acid (0-8 g.) and acety! chloride 
(5 c.c.) were heated under reflux until evolution of vecogen chieride . On removal of the excess 
reagent under reduced pressure and addition of dry ether, the reads soliditied and had m. p. 150-—155°. 
From ethy! acetate the Seat aos tn of ——T methylenebutanolide (y-carboxymethylenebutyro- 
lactone) crystallised as prisms, m. p. 164 C, 6415; H, 375. CHO, requires C, 54-1; 

H, 3-8%). Light absorption in dry dioxan . a ah. 2470 a., © = 50,540. 


(b) gg pee Pelt aay distilled acetyl chloride (25 c.c.) were heated under reflux 
for 2 hours. The solution was filtered trom a trace of insoluble matter and concentrated under reduced 
pressure. Teinenation of the oily residue with ether gave a white solid which was insoluble in aqueous 
sodium h carbonate and which gave no coloration with ferric chloride. From ethy! acetate the 
ae Ere ee “eee Ob oe ene C, 54-4, S41; H, 3-9, 3-0, 
Cy,H,,O, requires C, 54-1; H, 38%). Light a in dioxan : maximeum at 2470 a., ¢ = 51,870. 
The compound was recovered unchanged (m. = mixed m. p. 185-—189°) after treatment with water 
for 16 hours, and appeared not to react with ing methanol (see below). 


(ce) &-Ketoadipic acid (10-0 g.) was kept with acetic anhydride (35c.c.) for 3 days at room temperature. 
The solution was distilled under reduced pressure (bath temp. > 50°), and the residue treated with ether. 
On crystallisation from ethy! acetate some of the above isomeric compound was isolated, together with 
crude anhydride (TV) (2-8 g.), m. p. 145-—~147° 


(ju chioride was for 15 minutes into a su of £-ketoadipic acid (2 g.) in 
acetic acid (20 c.c.). After 3 days the solution was filtered and evaporated under reduced pressure. 
The solid residue (1-3 g.) was identified as §-ketoadipic acid by m. p. and the purple coloration afforded 
with aqueous ferric chloride. 

(¢) y-Carborymethylenehutanolide (y-carboxrymethylenebutyrolactone) (V). 8-Ketoadipic acid (10-3 g.) 
was added to acety! chioride (80 c.c.) (unredistilled and containing hydrogen chioride) at room 
temperature. After 24 bours the excess of reagent was distilled under reduced pressure, and the residue 
e «.) a from ethyl acetate-light petroleum (b. p. 60—80°), Colourless needles (4-4 g.; 48%), 

176-179" (decomp.), were obtained which dissolved with effervescence in aqueous sodium hydrogea 
pod te and gave no coloration with aqueous ethanolic ferric chloride. Kecrystallisation from yi 
acetate, or chloroform, gave silk les of che y-carboxymethylenebutanolide with m. p. 184° 
(decomp.) (Found : C, 51-0, 50-7, H, 4-3, 4-4. ¢O>¢ requires C, 50-7; H, 425%). Light absorption 
ind mn: ma at 2260 a.,e =» 19,310 

A second preparation from 8-ketoadipic acid (15 g.) and acetyl! chloride (150 c.c.) gave a crude solid 
\8 = met) which on crystallisation from ethy! acetate-light petroleum (b. p. 60—80°) afiorded needles, 

6.177" (decomp.), of the lactonic acid (V) (6 g.) in 45% yield. Such material was sufficiently 
gute for further use 


y- Carbomethoxymethylenechbutanolide (V1).--Treatment of the lactonic aud (V) with ethereal 
diazomethane and evaporation of the solution under reduced pressure yielded a neutral solid. y-Carbo- 
methoxymethylenebutanolide formed laths, m 110°, from ether-light petroleum (b. p. 40—60°) 
(Found: C, 53-0, 54-2; H, 47,53. Cale. for C ‘ho, é, 53-0; H, 51%). Richter (Helv. Chim. Acta, 
1949, 38, 2318) records m. p. 108 


Oxidation of y-Carborymethylenebuianolide.Potassium permanganate (0-90 g.; 3 atoms of O) in 
water (35 c.c.) was added during 1-5 hours to a stirred solutien of the lactonic acid (0-40 g.) in 2-5% 
aqueous sodium hy — en carbonate (30 c.c.) kept at 0° to —2°. Water (30 c.c.) was added, the mixture 
was warmed to c« te manganese dioxide and filtered, and the residue extracted with warm 1% 
aqueous sodium hydrogen carbonate (20 c.c.). The combined filtrate was acidified with dilute hydro- 
ehloric acid, the reaction adjusted to pH 4 with ammonia, and concentrated calcium chioride solution 
(Sc.c.) added. The white precipitate of calcium oxalate was collected, washed with water, and dried to 
constant weight, yield, 0-270 ¢. (77%). Treatment with 2n-sulpburic acid (15 c.c.) and extraction with 
ether (7 times) afforded oxalic acid Cs 159 g.), m. p. and mixed m. p. 100° with resolidification and m. p. 
185-..188° (decomp.). The filtrate from the calcium oxalate was extracted continuously with ether for 
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20 hours Evaporation of the ether gue a completely crytalline residue (0-228 ” hi SUR Sooo or to 
admixture with succinic acid. 


Reactions of the Anhydride (1V).—(a) With water. apr ag met we) Pay terre ye dhe ce rg 
water which was then removed tm vacuo over sulphuric acid. Repetition of the treatment afforded a 
ers a m. p. 173-—176° grea which on trom ethy! acetate—light petroleum (b. 
ou su) had m. p. 186 cram = he in admixture with Trecbetanclide. 
Sesther teuatesmel ol Geeibes aqueous acetone, followed by evaporation, gave §-ketoadspic acid, 
m. p. 115—120° (decomp.) (purple ferric chloride colour). 

(b) With methanol pan mtn Beg? crude) and excess of methanol were heated under reflux 
for 4 hours. When the solution was cooled, the neutral isomeric compound (0-44 g.), m. p. 172-174", 
separated. The filtrate was evaporated under reduced pressure, the residue dissolved in ethy! acetate, 
and the solution extracted with saturated aqueous sodium h 
of the ethy! acetate left a neutral oil which failed to crystallise, gave a 
ethanolic ferric chloride, and was evidently methyl Oe a) omens 
the aqueous extract, y-carboxymethylenebutanolide O50 fy cee ed, m. p. ome 
Concentratica of the mother-l uors in a vacuum desiccator y: hind Pustoadigte cit (O-7 g.), = p-1 
(decomp.) (purple ferric chloride colour) 


Reactions of y-Carboxymethylenebutanolide and sis Methyl Ester.—(a) With acetic anhydride. A 
solution of the lactonic acid (1 g.) in acetic anhydride (15 c.c.) was heated on the steam-bath for 3 —. 
Evaporation under ~~ ow ressure gave an oil w on trituration with a smal! volume of 7 
set solid (1 g.), m. ar From ether-light oP > Soe ee ane (VI) 
of y-carboxymeth tanolide with acetic separated as — m. p. 72° (Pound: C, 
52-2; H, 43. C,H,O, requires C, 52-2; H, 435%) Th The compow «byt AL ny 
sodium hydrogen carbonate and gave no coloration with aqueous ethanolic ferric chloride. 

A solution of the mixed anhydride OS a) aieed © (5 c.c.) was kept at room temperature over- 
ccloration and then evaporated under reduced = The completely crystalline reskiue gave no 

tion with ferric chloride and had m. p. 172— 175° (decomp.) undepressed by y-carboxymethylene- 


pte mE was t overnight with acetic anhydride (3 c.c.). On removal of the 
solvent under reduced pressure a solid was obtained (0-3 g.), m. p. 154— 158°, which after c rystallisation 
(twice) from ethyl acetate had m.p. 189° alone and in admixture with the “ isomeric anhydride" 
described above 
(b) With water, The lactonic acid (0-4 g.), dioxan (3-5 c.c.), and water (2-5 c.c.) were kept at room 
temperature for 3 days. Undissolved lactonic acid (0-115 g.), m. p. 170-174" (decomp.) (no ferric 
chloride colour), was collected, and the filtrate evaporated in vacuo over calcium chioride to yield readi 
water-soluble £-ketoadipic acid (0-30 g.), m. p. 109-111" (decomp.) (purple colour with ferric chloride). 
©) With methanol. (i) The lactonic acid (0-544 6) was recovered unchanged (m. p. 182--143", 
decomp.) after being refluxed with methanol (20 c.c., dried over magnesium methoxide) for 2-5 hours 
(ii) The recovered lactonic acid was heated under reflux for 2-5 hours with oe aye geen ¢.c.) containing 
0-5% of water. Removal of the solvent under reduced pressure left a crude sol; 157-160 
(decomp.), which gave a faint red coloration with ee ethanolic ferric chloride Rectystailisation 
from chloroform yieldei the lactonic acid, m. p. 1 (decomp.). (iii) A solution of the lactonic acid 
0-7 g.) in dry methanol (20 c.c.) containing a trace of oz hydrogen c was refluxed for 2-5 hours, 
and then evaporated under reduced pressure. The residue wasa — oil (red ferric chloride colour) : 
it reacted with an alcoholic solution of 2 : 4-dinitrophen oeeeene ate to yield the dinitrophenyl- 
hydrazone of methy! levulate (0-67 g.; 43%), m. p. 13. 31° raised to 138° on recrystallisation from 
methanol. A mixture with an authentic specimen had m. p. 138°. (iv) The lactonic acid methy! ester 
(VI) (1-53 g.) was added to a solution of sodium (0-23 g.; 1 =e ) 1 eae (50 c.c.), and after 
10 minutes the solvent was removed under reduced pressure and ue treated with dilute hydro- 
chloric acid and ether. The ether was washed with aqueous on hyd carbonate and evaporated 
to give an oi! (1:18 g.. 64%). This reacted with alcoholic semicarbazide hydrochloride in the presence 
of aqueous sodium acetate to yield the semicarbazone of methy! B- ip eet (plates, m. p. 108°, from 
CHAO, identical with 2 bs eee from authentic methyl a ae (Found: N, 17-25 
s0,N, requires N, 17-1%) and the known methyl |-carbamido- azoline-3-p- sonate 
whic tormed ormed prismatic es, m. p. 171°, from = alee Ruggh aa er (Hele im. Acta, 
2 8. 061) gave m. p. 172°. 


. With ammonia. A solution of the lactonic acid (0-6 g.) in concentrated ammonia (10 ¢.c.; d 0-88) 
was kept for 4 days and then evaporated to dryness over sulphuric acid, whereupon a deliquescent white 
solid was obtained. This material evolved carbon dioxide on treatment with organic solvents or water. 
Evaporation of the aqueous solution afforded somewhat impure lavulamide, m. p. 95-—-96° ome), ), 


which with a Amedy eg eee hydrochloride gave a mixture of acidic and neutral 
derivatives. From methanol, reg nitrophen ioe CM, acid formed red gon oon. m. 


198° (Found: C, 45-1; H, 44; N, 10-4. Cale. for ne, a8 H, 41; N, 160 
mixture with an authentic specimen (m. p. 206°) bed The neutral derivative ot 
lavulamide), m. p. ca. 198°, could not be adequa 


(c) With aniline. (i) A solution of the laconic acid (0-71 g) and aniline 0-9 cc. 2 mols.) in dry 
under reduced pressure. The residual 


oo the lactonic acid aoehy! ester (V was 


was from 
"Found: N, 7-55. Calc. for C,, . on. A 
€ 


) (135 mg.) and aniline (100 mg.) (Be. 
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peeeneiose Sey S Gran ant San computes Recrystallisation of the solid from benzene— 
afforded methyl ates "), mp be687-5" (Pound: C, 62-45; H, @1; 
Mer GT. Cybl,sON requires C, Lt 60: N, %). 


Sean y-Carb apetememty ont te a6 Ester.—(a) The lactonic ester 
(O1 feasieees = , 


( 
and evaporation 
solution 


evaporated to 
150° undepressed by adipic acid. 
® H \ Geeta att 9) 9) io Gy Gume BS0n) ob cetinasy Competes and 
pressure in the mg.) occurred and was complete in § hours 
After filtration removed under red and the solid residue 
(0-65 g.), crystallised from water, had m. p. 150-—151° alone and in with adipic acid. 
Pie he the tates Uf kitten teak os at ordinary tem 
eS Se eeeaee S Seer ee oe ae 
at 15°/769 mm.) took 3 hours. The solution was then fi 
ty a a 
t petroleum p. &— to y' i 
acid; (ii) a mixture (51 mg.), m. p. $0158", and te acid oie: os 
ae sae phn ey 173-—178* (decomp.). 


Imperial Cottece oF Scimnwce axp TReCHNOLooy, 
5. Kewstworon, Lowpos, $.W.7 (Received, May 8th, 1950.) 








461. Unsaturated Lactones and Related Substances. Part IV. 
Lactonic Products derived from Muconic Acid. 
By J. A. Ervipos, R. P. Liwsreap, B. A. Orxiy, Peter Sims, and (in part) 
Harotp Barr and Dexter B. Pattison. 


Lactouisation of cts-css-muconic acid with sulphuric acid (trans-trans-muconic acid fails to 
react) gives mainly y-carboxymethy!-A4*-butenolide (V1), the structure of which has been proved 
by bh ysis to lavulic acid, and oxidation to oxalic and malic acids. Unlike the isomeric y- 
carboxymethylidenebutanolide (Part III) by which (VI) is accompanied, the new lactonic 


acid (V1) is stable to water, acids, and weak Hydr jon of (V1) proceeds normally 
to arboxymethyibutanolide (XI), the methyl ester (XII) of which is converted by hot 
sodium hydrogen carbonate solution into trans-4*-dihydromuconic acid (XIII). The same 
acid (XIL1) is obtained by hydrolysis of a methyl hydrogen A*-dihydromuconate which is formed 
by isomerisation of (XII) with sodiam methoxide in methanol. An isomeric methy! hydrogen 
4*-dihydromuconate has been synthesised from B-carbomethoxypropaldehyde by the ner 
reaction. Various aspects of the literature on derivatives of muconic acids have been revised 
in the light of the new results 


- Asa by-product of the original lactonisation there is obtained the saturated dicyclic dilactone 
(XVI. 

One of the standard methods of forming y-lactones is to effect the isomerisation of A*- or 
AY-unsaturated acids by distillation or by treatment with acids. Pauly and Will (Annalen, 
1018, 416, 1) showed that this route could be applied to the lactonisation of §-methylmuconic 
acid (I) which under a variety of conditions readily gave the unsaturated lactonic acid (TI) 


Me 
. 


‘ On 
COMe 


tit CO Me (IV) 


The methylmuconic acid (I) was obtained by hydrolysis of the half methy! ester (III), which 
in turn had resulted from an interesting reaction, the treatment of the lactonic ester (IV) with 
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sodium methoxide. The lactonic acid (II) and ester (IV) had previously been obtained (Pauly, 
Gilmour, and Will, ibid, 1914, 408, 119) by ring fission of 3-nitro-p-cresol (V) with sulphuric 
acid. Pauly and Will (Joc. cit.) did not concern themselves with the stereochemistry of their 
methylmuconic acid (I), but it appeared to us that this was probably of primary importance, 
having a direct bearing upon the ease of isomerisation of (I) to the cyclic form (II). Further 
investigation of this system is in hand. The present communication is concerned with the 
simpler case of lactonisation of the unsubstituted muconic acids. 

Two forms of muconic acid (CO,H*CH°CH*), have been described, with melting points of 
approximately 300° and 187°. Methods of synthesising them are shown below : 

(a)? (CO,H-CH,CHBr’), 

: alc, KOH 
(o)* (CO,H-CHBrCH,>), oe (CO,s- CCH be 
al m. p. ~300 


“aie 
w ' 





(CO,MeCH: CH), off 
E ; m. p. 156 
jc) ** (COMe-CH,CHBr’), 


(COMe-CHCH-), 
_p. 78° 


ON 
od 





(CO,H-CHICH’), 
m. p. ~187° 


(g’ INA H:CH-CO,H 
Ww A OH 


+ Rupe, Annalen, 1890, 256, “ J. 1921, 119, 061. * Farmer, sid., 
4 Béeseken and Sloot, Proc. Acad. Sei. Amsterdam, 1929, 88, 1043. * Béeseken and 
, 94, 1202; Béeseken, idid., 1932, 36. 750. * Béoseken and Kerkhoven, Rec. Trav. chim., "1932, 
51, 964. * Grundmann, Ber., 1936, 69, 1755. 


The configuration of the higher-melting form of muconic acid was shown to be frans-trans 
by Behrend (Ber., 1916, 49, 999) and Behrend and Heyer (Annalen, 1010, 418, 204). They 
found that on permanganate oxidation rac.-tartaric acid was formed—meso-tartaric acid was 
specifically sought but could not be detected—and that on oxidation with sodiam chlorate 
and osmium tetroxide mucic acid was produced, together with a small quantity of rac.-idosac- 
charic acid. The configuration of the lower-melting form of muconic acid as cis-cis was con- 
sidered by Béeseken and Kerkhoven (loc. cit.) to have been demonstrated conclusively by its 
formation from o-benzoquinone [route (d)). In addition, Boéeseken and Kerkhoven showed 
that the tartaric acid formed on permanganate oxidation of this muconic acid was solely 
the meso-form. 

Our attempts to lactonise trans-trans-muconic acid [prepared by route (b) and characterised 
as the methy! ester) were unsuccessful. Under mild conditions sulphuric acid or a mixture 
of acetic acid and hydrogen chioride did not affect the acid, and under more vigorous conditions 
it appeared to be largely destroyed. On the other hand, cis-cis-muconic acid [prepared by 
route (e), and characterised by formation of the methy! ester, catalytic hydrogenation to adipic 
acid, and inversion to trans-trans-muconic acid) lactonised readily with sulphuric acid to yield 
as main product an isomeric monobasic acid (VI) of m. p. 111°, which with diazomethane 
afforded a methy! ester (X), m. p. 31°. From a similar esterification of the crude product of 


ym <P ScH-CH,-CO,H far CtSccH-cO,R io en Torco “ = SC-CH,CO,H 

(VI) (VIL) (VIL) (TX.) 
lactonisation, besides (X), an isomeric methyl ester, m. p. 109°, was isolated in small quantity. 
The latter ester was identified with y ; R= Me) 
i » 1960, 2223). It 
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is possible that the lactonic acid (VI) has been obtained before though not in a pure state (see 
Beilstein, 4th Edn , 18, 396) 

That the new lactonic acid had a five-membered ring (VI), and not a six-membered ring 
such as (VIII), was shown by its hydrolysis with hot aqueous sodium hydroxide to levulic 
acid, isolated as the semicarbazone. The hydrolysis very probably proceeds as follows - 


HCH epg gs H,CH-C-CH,CO,H 
wy ff = oi) 


-oO, 
> (COM(CH)»CO-CH,COM) —— > ©O,H4CH,),COMe 


0,® ‘ 


Alternatively, an alkali-induced migration of the double bond in (VI) might have occurred 
before hydrolytic opening of the lactone ring, but this seems less likely because the methyl ester 
of (VI) undergoes no change with triethylamine, even on prolonged treatment. 

The exocyclic position of the double bond is established for the isomeric unsaturated 
lactonic acid and its ester of m. p. 100° (VIL; K « Me). The new lactonic acid (m. p. 111°) 
and its ester (m. p. 31°) must therefore have the double bond in the lactone ring in either the 
af- or the Sy-position (VI and IX). Oxidation shows the a$-position to be correct 

With potassium permanganate in the cold the butenolide afforded oxalic acid, together 
with a small quantity of malic acid. Succinic and malonic acids were not detected. An acid 
with structure (1X) should yield malonic acid under these conditions, whilst (VII; R — H) 
has already been shown (Part III) to yield succinic and oxalic acids. The light-absorption 
properties —high-intensity absorption only at the extreme end of the usual ultra-violet range—- 
were also in agreement with the structure (V1) (cf. Ruzicka, Plattner, and Heusser, Helv. Chim 
Acta, 1942, 26, 435; 1044, 27, 186; Haynes and Jones, /., 1946, 954). 

y-Carboxymethyl-A*-butenolide (VI) proved in general to be less reactive than the isomeric 
y-carboxymethylenebutanolide (VII; RK = H) Thus it was recovered unchanged after 
treatment with water, aqueous mineral acid, ammonia, or methanol containing a trace of 
hydrogen chloride. Neither did the lactonic ester (X) react with aniline. In the Légal test, 
under controlled conditions (pH 11), the butenolide (X) gave a less intense colour than (VII; 
R = Me). If these reactions are compared with those of simple A*- and A*-unsaturated 
lactones (see, ¢.g., Kuehl, Linstead, and Orkin, /., 1950, 2213) it will be seen that they fall into 
line with the A*-structure for (VI) 

On catalytic hydrogenation the butenolide (VI) absorbed only | mol. of hydrogen and gave 
an acid of m. p. 60-461", analysis of which agreed with that for the saturated lactone (XI). 
Again, this result agrees with the A*-structure (VI) since Jacobs and Scott (J. Biol. Chem., 
1930, 87, 601) have shown that A*-unsaturated y-lactones are reduced to the corresponding 
saturated lactones whilst lactones derived from enolised keto-acids are abnormally hydrogenated 
to deoxy-acids 

Although the hydrogenation results were, thus, quite normal, yet they gave rise to certain 
subsidiary problems. The hydrogenation product, m. p. 60—61°, did not correspond with the 
compound which Leuchs and Mébis (Ber., 1909, 42, 1228) claimed to be the y-lactone (XI) of 8’- 
hydroxyadipic acid and which melted at 197-—198° (201-—-202°, corr.). Moreover, a preparation 
due to Parmer (/., 1923, 123, 3324) was described as a colourless syrup. Furthermore, Farmer 
suggested that the acid which had been obtained by Leuchs and Mobis “ was actually the 
isomeric A4-dihydromuconic acid" (trans-\?-dihydromuconic acid has m. p. 197°). Direct 
titration of our hydrogenation product (m. p. 60—61°) with alkali confirmed that it was indeed 
a monobasic acid. When, however, it was allowed to stand with an excess of alkali a further 
equivalent was consumed, evidently owing to the opening of the lactone ring. Hydrogenation 
of the methyl ester (X) of the original unsaturated lactonic acid gave the corresponding 
saturated lactonic ester (XII), a liquid which was hydrolysed with hot aqueous hydrochloric 
acid to the crystalline acid of m. p. 60-61 Hydrolysis of the liquid ester (XII) with aqueous 
sodium hydrogen carbonate, on the other hand, gave an abnormal reaction: the lactone ring 
was opened and an isomeric mono-unsaturated dibasic acid of m. p. 191° was formed. This 
compound gave adipic acid on reduction and hence was a dihydromuconic acid. Direct com- 
parison showed it to be the known érans-A*-dihydromuconic acid (XIII) (Farmer and Hughes, 
7., 1934, 1029, 1038; cf. Carriére, Ann. Chim, 1922, 17, 38). These results, which are sum- 
marised in the annexed scheme, prove that the hydrogenation product of (VI), m. p. 60—41°, 
is the y-lactone (XI) of §’-hydroxyadipic acid 

With sodium methoxide in methanol, the saturated lactonic ester (XII) was readily isomerised 
to a monobasic unsaturated acid of m. p. 40—41°. The new product gave trans-A*-dihydro- 
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muconic acid (XIII) on hydrolysis, and succinic acid on oxidation, and was therefore the 
hitherto undescribed meth 


trans-A*-dib ‘ 
(J.. 1934, 304, 1929, 1938) by partial esterification of the acid (XIII). 
assigned the structure (XV) to their half-ester by analogy with the investigations of partial 
esterification by Sudborough and his collaborators (/., 1911, 99, 2307 etc.), and Eccott and 
Linstead (J., 1929, 2153), who showed that carboxy! groups next to a double bond resisted 
i.  cemebteeeii tO OCH CH, O,Me 
m. p. 111. (X.), m. p. 32°. 


jx lnm 


' Nati 
fie He cH CH yCO,H = ee CH SCH-CH,COMe —— CO H(CH,)yCHICH-COMe 


(XI), m. p. 60-61". (XIL), liquid, ~ y (XIV), m. p. 40—41". 


Ss 


Deethner tee0e8-e02 ™ | mom 


COMe(CH),CHO —S, CO,Me(CH,)yCH:CH-CO,H *———> CO,H{CH,),CHUCH-CO,H 


(XV.), m. p. 61°. NaOH (XUL), m. p. 191° 


esterification. To clarify the structural position we have subjected §-carbomethoxyprop- 
aldehyde to the Doebner condensation with malonic acid. This yields a half ester of trans- 
A*-dihydromuconic acid, m. p. 61°, undoubtedly identical with Farmer's product. Its structure 
is fully proved by the method of preparation and by the following facts: (4) on hydrogenation 
and hydrolysis it gives adipic acid; (6) on permanganate oxidation it yields methyl hydrogen 
succinate. Carriére (loc. cit., p. 111) carried out a similar synthesis of A*-dihydromuconic 
acid from succinaldehydic acid. Incidentally, he reports m. p. 208-—-210° for the product, 
which is higher than any recorded by other workers. Melting points in this series of compounds 
vary substantially with the rate of heating: our preparations of this A*-acid melted at 190-— 
191° with slow heating, and, in agreement with Farmer and Hughes (loc. cif), never as high as 
Carriére’s figure. 

The rearrangement with alkali of the saturated lactonic ester (XII) to unsaturated open- 
chain material (XIII, XIV) presents an interesting difference from the normal tendency of 
lactones to yield open-chain hydroxy-compounds under similar conditions. When, however, 
the special structural peculiarities of these materials are considered, the reaction is seen to be 
not unexpected. Indeed, we have observed a similar isomerisation of the wnsaturated lactonic 
ester (X) to a methyl hydrogen muconate. (This is descri##d in a separate paper because it 
raises certain interesting stereochemical points.) Moreover, Pauly ef ail. (loc. cit.) have made 
related observations in the §-methylmuconic series. 

The reason for these reactions is clear: Lactonic esters such as (XII) are compounds in 
which an acylated hydroxyl is situated in the §-position to an electron-attracting group 
(carbalkoxy!). On treatment with alkaline reagents §-acyloxy-compounds of this type can 
undergo either normal hydrolysis (to the parent hydroxy-compounds) or elimination of the acyl 
group with the formation of an a$-double bond. This reaction, which is now under study in 
these laboratories, will be further discussed in a later paper. But it is clear that the formation 
of double bonds by the alkaline rearrangement of lactones of this type is only a special case of 
a general process. 

We must direct attention to the fact that the lactonic ester with the exocyclic double 
bond (VII; R = Me) is not isomerised to a methyl hydrogen muconate by means of alkoxide, 
being converted instead into the diester of 6-ketoadipic acid (Eisner, Elvidge, and Linstead, 
loc. cit.). This is a highly interesting difference, which we attribute to the ability of (VII; 
R = Me) to add methoxide to form the stabie enolate ion of the $-keto-ester : 


for ccHcome > SEE SieScicHco,Me 
+ Meoe 


This is not possible with either the isomeric unsaturated lactonic ester (X) or the saturated 

lactonic ester (XII). On this basis we should expect the ester of the unknown 4/-lactone 

(IX) to react with alkoxide in the same way as (VII; K = Me). 
7D 
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The evidence presented above shows that the crude product of the lactonisation of cts-cis- 
muconic acid contains both the two conjugated A*- and A’-unsaturated lactones (VI) and 
(Vl; RH). We have no evidence that the third isomeride, the A*-lactone (IX), is present, 
and in this respect the muconic acid system resembles the unsaturated dipheny! lactones 
investigated by Thiele and Straus (Annalen, 1001, 319, 216). We have, however, found that 
an isomeric non-acidic material (X V1) is present as a by-product : 


cis-cie-Muconic acid 2 ——> [(VI)) -——> CO 


The residues from a number of preparations on repeated crystallisation gave a compound 
C,H,O, of m. p. 128-129". This depressed the m. p. of (V1), and was insoluble in. hydrogen 
carbonate solution though soluble in aqueous alkali. The new compound was best prepared 
by prolonged treatment of cis-cis-muconic acid with sulphuric acid at room temperature, and 
could also be obtained by refluxing cis-cis-muconic acid with 50% sulphuric acid or by fusion 
of the acid, but the yields were low. It did not react with cold water, or with diazomethane 
under the usual conditions. Although it has not yet been examined in detail, there seems 
little doubt that it is the interesting dicyclic dilactone (XVI). This is in keeping with the fact 
that it sublimes slowly at 100° under reduced pressure. Dicyclic dilactones of similar structure 
(for example, the dilactone of §-acetyiglutaric acid) have similar high melting points. Pre- 
sumably the dilactone (X V1) has a cis-fusion of the rings 


EXPERIMENTAL. 


trans-trans-Muconic acid was obtained as a chalk-like solid, m. p. 207-300", in 20% yield from 
—_ ac be ge A . rr C/., 1921, 118, 961). Parmer (/., 1932, 2531) recorded m. p. 289° 
(decomp ) Foal ing on the rate of heating. 


Methyl trans-trans-Muconete.—The acid (24-8 g.) was refluxed for 80 hours with a 3% solution of 
h chioride in methanol (216 ¢.c.), and | trans-trans-muconate isolated by evaporation of 
the solution and crystalliestios from benzene yield. 22-5 g.; m. p. 156-—157°. Esterification of the 
acid with eth gave an identical product, and was a considerably more convenient 
procedure. Farmer (loc. ott.) reported m. p. 156° for the ester. 


cts-cte Muconic Acid.—The method of Béeseken and E *% (loc. cit.) was modified (cf. Grund- 
mann, joc. ett.) as follows. Approximately 13%, peracetic (755 g.) was obtained by adding a mixture 
of acetic anhydride (642 g.) and sulphuric acid (5 c.c.) during 9-5 to stirred, cooled (¢—9") 30% 
ye (160 g.) and, after a further 3 hours, distilling the product under reduced pressure 
o- a mm.) from a bath at 30...35° into an ice-cooled receiver. The content of peracetic acid was 
—— an excess yt ey todide to an aliquot jon and titrating the liberated 

ution o phenol (22.8 g.) in 13-56% peracetic acid (435 g.) was kept for 15 days in the 





The capitate (1 Mee g ) was dissolved in ee 39- sodium hydrogen carbonate, and the solution 


washed with ether and stirred with charcoal fter filtration, cis-cts-muconic acid was precipitated 
with hydrochloric acid, and had m. p. 184° (Found equiv., 71:5. Cale. for C,H,O,: equiv., 71). 


Hydrogenation. —<ts-c1s-Muconic acid (100 mg.) in ethanol was hydrogenated at room tem ture 
and pressure in the presence of Adams's catalyst to yield adipic acid, m. p. and mixed m. p. 149—151° 
(hydrogen uptake: 34 ¢.c. at 26°/750 mm. Calc. for 2 double bonds : ¢.6.). 


Methyl cis-cis- M uconate.—A solution of eis-cis-muconic acid (0-5 g.) in methanol (60 c.c.) containing 
0-5% of hydrogen chloride was kept at 5° in the dark for 48 hours. The solvent was removed under 
reduced ery and the residue washed with 10% aqueous sodium hydrogen carbonate, dried tn vacuo, 
and crystallised from hexane. Methy/ cts-cis-muconate (0-45 g.) formed massive needles, m. p. 73—-73-5° 
An identical product was more conveniently obtained by esterification with ethereal diazomethane 
Parmer (loc. otf.) reported m. p. 75°, and Béeseken and Kerkhoven (loc. cit.) m. p. 73-—74° for a methy! 


muconate. As we shall show in a subsequent paper, there is some doubt as to the configuration of 
their material 


Taversion of cis-cis- fo trans-trans-Muconic Acid (cf. Grundmann, loc. cit.).—A solution of cis-cis- 
muconic acid (134 mg.) in alcohol (13-6 c.c.) containing a trace of iodine was irradiated with a 100-watt 
lamp. The precipitate, which did not further increase on continued irradiation of the solution in a 
quarts flask with ultra-violet light, was collected (25 mg.) and had m. p. 301° alone or in admixture 
with frans-trans-muconic acid. 


Lactonisation E eperiments.— (a) 1-G. portions of trans-trans-muconic acid were treated with —_ 
acid as detailed below, and the solutions were poured on crushed ice. The precipitated solid m. p- 
ea. 300° undepressed in admixture with starting material: no other product was detected. 
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(6) trans-trans-Muconic acid (1 g.) was recovered unc (m. p Ee 
ield after being heated for 7 hours in a sealed tube at 1 with acetic acid ) saturated 
chloride, or after being reflaxed with the same reagent (70 c.c.) for hours. 

4 Carborymethyl- A*-butenolide (VI 
of eg 
(200 g.). oe eS ee ee ee ae 
solution (just acid to Congo-red) extracted with ether for 
faery -S*-butenolide (1: tegen ahuethgtny 
ised from benzene-ethanol as 
: hydrolysis-equiv., 71. 
dioxan: end 
Its methyl ester (X) was prepared by phd +. feryetalied lactonse achd (Vi) (4g) with an excean 
epg egy Sele GunaGd Cerdiattondion wan cbunedl ty Godion ae i 
. 164°/12 mm., which rapidly solidified. my yp Sng be ether solution 
wid solid carbon dioxide, the ester formed a white powder, m 5—31° (Fouad C, 40; 
H, 63%; hydrolysis-equiv., 76-1. C,H,O, requires C, 63-9; H, 51%; nn 78). 
y Carb sh "-) Jeaet, id, { 
Crude lactonic acid (12-7 g.; 
of ethereal diazomethane, 





Yi 8 (hound sees 
. y-carbomethoxymeth 
butanolide, m. p. tie’ (Rina t 950, 2223). 


Colowr Reactions of the Lactonic yt ety: and Acids. a procedures have been outlined previously 
(Kuehl, Linstead, and Orkin, /., 1960, 2213). 


Légal reaction : pH It. pH 13. 
y-Carbomethoxymethy!-A*-butenolide (X) Light pink, ang slowly Red, fading to yellow 
y-Carbomethoxymethylenebutanolide (VII; R« Darker pink Darker red 

Me) 
Tollens’s reagent : 
ea tenn it butenolide (V1) Instantaneous atl of silver 
(®) ° 


y-Carboxymethylenebutanolide (VII; R<H) Negative 
(VII; R = Me) 


Ammoniaca! silver nitrate 


Slight ppt. of silver after 2 hours 


Negative 





pH 11. 
Fades to green 


ish- 
(VIL; R = Me) Fades very slowly (4 Reddish-brown after 4 
hours) to green hours 
iw Adis Seda ¢ otaaee prep aps pug iphertys “ptan, 4 
Fn ig a van sas 








—<A solution of the lactonic acid (1- 
7S Sean iibent eteebiniteenes 
in water yer ny Knee dS 








then decomposed in hydrogen sulphide, and the 
a white colld (100 ee. 1%) which hed oo p. 124—126° undepressed 


@) and aniline 6g) were dissolved together 
perature the solvent was evaporated to leave 
aniline (0-6 g., 83%), b. p. 180-182", was recovered. 
Hydrogenation of y Carboaymethyl S* butenolide 
uneatarnted laconic acid (V1) OT os eee 





ial SS requires 4°56 c.c.); alkali the steam- 
th for 6 tes and back-titrated with standard acid (Found - ane ogg 715. CHO, 





requires equiv., ry 


Methyl exter (X11). The unsaturated lactonic ester (X) ay g-) in 95% alcohol (45 c.c.) was 
peas gee at room temperature and pressure in the A ar yp mee Fay Adams's catalyst (69 mg.). The 
© hydrogen (670 c.c. at 27°/768 mm. Cale I double bond: 596 c.c.) was complete in 

minutes. After filtration, the solution was dietiliede finally under reduced pressure, to give the 


methyl ester (X11) as a colourless liquid, b. p. 126°/2 mm. (Found: C, 52-6; H,@5. C,H,,O, requires 
C, 53-16; H, 63%). 


Hydrolyas of the Methyl Ester (X11).—(a) With acid. The ester (1-5 g.) was heated under reflux 
with 10% hydrochloric acid (26 c.c.) for 4 hours, and the solution concentrated to small bulk in a vacuum- 
desiccator. The residue solidified on treatment with ether. Crystallisation from benzene afforded 
(X1), m. p. and mixed m. p. 061 


(b) With alkali. A solution of the ester (0-5 g.) in alcohol was refluxed for 3 hours with 10% aqueous 
sodiam hydrogen carbonate (10 c.c.). Acidification of the cooled solution with 10% hydroc Moric acid 
precipitated a solid (0-39 g.) which, recrystallised from hot water, had m. Wy 190— 191° alone and when 
mixed with an authentic specimen of trans-4*-dihydromuconic acid (XIII) (see below) (Pound: C, 
wi; WH, O1y: uiv., 728. Cale. for C.H,O,: C, 0; H, 66%; equiv., 72). Hydrogenation 
of this product (117 mg.) in 95% alcohol (25 c.c.) in the presence of platinum-black gave adipic acid, 
m. p. and mixed m. p. 146-148" (Hydrogen uptake: 20 ¢.c. at 27°/757 mm. Calc. for | double bond : 
20 cc.) 

The Action of Sodiwm Methomide on y-Carbomethorymethylbutanolide (X11).—The ester (0-8 g.) was 
treated for 20 minutes at room mn gone with anhydrous methanolic sodium methoxide (2:2 c.c. 
228~.). The solvent was evaporat he residue taken up in water (10 c.c.), and the solution ac idified 
with 10% hydrochloric acid. An oil separated which was isolated with ether; crystallisation then 
occurred rom ether-light petroleum (b. p. 40-60") slender needles (650 mg.), m. p *, of 
methyl 5-carbory-trans-pent-2-encate® (XIV) cpennted (Found: C, 536; H, 63% . 158; 
hydrotysis-equiv., 783. C,H,,O, requires C, 15; H, 63%; equivs., 158, 79). The solution from 
the saponification of this ester (his mg.) was acidified and concentrated in vacwo. trans-A*-Dibydro- 
muconic acid separated (90 mg.), m. p. 188—190° and mixed m. p. 189—191° 

Ondation of the Methyl Hydrogen Dihydromuconate (Methyl 5-Carbory-trans- pent-2-enoate *) (XIV).— 
The halt-ester (350 mg.) was dissolved in water (5 c.c.) by addition of a small excess of 10% sodium 
carbonate, and to the solution at 0° 3% aqueous potassium manganate (30 c.c.) was added dropwise. 
Excess of permanganate was decomposed with sodium hydrogen sulphite, the manganese dioxide 
filtered off and washed with hot water (30 ¢.c.), and the combined filtrate and washings were acidified with 
10% hydrochloric acid and extracted with ether for 44 hours. Evaporation of the ether to small bulk 
afforded a crystalline solid (170 mg., 66%), m. p. 178—180° undepressed by succinic acid. The mother- 
liquors were acidified with dilute sulphuric acid and diluted with water to 100 c.c. Oxalic acid was 
detected and determined by titration of a portion (50 cc.) with 0-055n-pot permanganate (Con- 
sumption: 450¢.c. Cale. for 100% yield of oxalic acid: 40-0 c.c.) 





(With Dexrer B, Parrison.) 

The Methyl Hydrogen Dihydromuconate (5-Carbomethosypent-2-enoic Acid *) (XV).—(a) Preparation 
by the Doebuer reaction. A mixture of §-carbomethoxypropaldeh (15 g.) (Johnson, Linstead, and 
Whetstone, /., 1950, 2219), malonic acid (15-4 g.), and dry pyridine (16 c.c ) was kept at room temperature 
for 3 days, then heated on the steam- bath overnight. Water was added, and the solution acidihed with 


* Geneva numbering. 
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Rpdeditasts ott abt entntin® @ Chand aR eins. ee ee 
Evaporation ot of ‘the letter many - Ry ry fee em) Stich 
c, fas 655 


wiv, 157-5. 5 Cale for Calg, rs 53-15; A Ses, ener equiv., * 5 ‘oom ind Heghee (J. 198k. 
. 1938) gave m. p. 60° 
{(b) Mydvelyeis to tranp-Ae-didgdvemuscnte Acid roa Pt = 
reflux for 15 minutes with sodium h 
extracted with ether. The ether was dried (N 
muconic acid crystallised from water; it had m. 4 “Tet 
(c) Owidation. A eis eleien 6 See 
(300 c.c.) containing sodium hydrogen carbonate ( 





(4) ret ec 
acid (8 c.c.) with h 
was filtered, boiled 
with ether. oe ee as 
151° undepressed by adipic acid 


3 : 7-Diketo-2 : 6-dioxabicyclo{3 : 3: pctae Inte iit 
terre fs Cheney ene aa en Wan es aed w Sais preps 
then neutralised (to Congo-red) at 0° with ammonia. Water was added te 
mp. 118-131", Repeated crystallisation from ethe On cooling the ether, a ogees * $2): 
m. p. 118—121° 
(Found: C, 0-46; 
pb hydrogen 
6092". (ii) rte: Aree Tee 
in al filtration and ition, slowly occurred. 
alcohol ye hag es ene ye ae . and mixed m. p. 
125—126°. On titration at room temperature the dilactone consumed only iw equiv. of sodium, 
hydroxide; at 50°, 2 equivs. were rapidly taken up. 
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By J. A. Etvipex, R. P. Linsreap, Peter Sms, and (in part) B. A. Orxtn. 
Isomerisation of y-carbomethoxymethyl-A*-butenolide (V) with sodium methoxide in 


diazomethane yields the methyl cis-trans-muconate (VIII). The eis-cts- and cis-trans-forms of 
muconic acid show a remar' similarity which has hitherto concealed the existence of the 
new isomeride. The m. p.s of the free acids are nearly the same and their dimethy! esters 
likewise have almost identical ae points, although those of the benzh 1 esters differ 
from one another. The three compounds show distinct depressions of melting point 
although this is not large for free acids. acide. The ultra-violet and infra-red by absorption 
characteristics of the three muconic acids and their esters are The stereochemical 
stabilities of the cis-cis- and cis-trans-muconic acids have been studied. cis-cis-Muconic acid 
is quantitatively inverted to cis-trans-muconic acid merely on boiling with water. The 
Reeeaenne of Cite chsarwation to eoiatien Se gunn Cee aee Sy Saeee earlier workers in the field is 
pow out 


We have recently described the lactonisation of cis-cis-muconic acid (I) (Elvidge, Linstead, 
Orkin, Sims, Baer, and Pattison, J., 1950, 2228). The product (II) on hydrogenation and 
esterification gave the saturated lactonic ester, y-carbomethoxymethylbutanolide (8-carbo- 
methoxyvalerolactone) (III). This could readily be isomerised by means of sodium methoxide 
to methyl hydrogen trans-A*-dihydromuconate (but-l-ene-1 : 4-dicarboxylate) (IV). 

This isomerisation, together with those observed by Pauly and his co-workers on the higher 
homologue (A mnalen, 1914, 403, 119; 1918, 416, 1), made it appear probable that the wasaturated 
lactonic ester (V) would rearrange similarly to an acid ester of muconic acid (VI). Moreover, 
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an interesting stereochemical point arose. In the ring-opening of (III) to (IV) a trans-A*- 
double bond is formed This falls into line with recent work on the alkaline fission of 8-acyloxy- 


COWM{CHICH),COM Copmenn genera aasateaaed whens = 


ete-ous 
(L) (il) (Vv. 


| nom 


CO Me CHICH(CH,),CO,H Neo. =COMe-CH,CH-CH, CH, CO,Me-(CH°CH},CO,H 
trans a 


av.) (mt) (VL) 
It has been found, for example, that acyl derivatives of §-hydroxybutyric 


that the substituents about the new double bond, 
formed in the ring opening (V)——> (VI), would have the frans-configuration, whereas the 
double bond pre-existing in the ring would be cis. This would mean that the product would 
be a derivative of a new cis-trans-muconic acid and differing from the known isomerides melting 
at about 187” (cis-cts) and 300° (trans-trans). 

Treatment of the unsaturated lactonic ester with sodium methoxide in methanol gave the 
expected methy! hydrogen muconate (VI) in about 30% yield. From the mother-liquors 
levulic acid [presumably derived from (V) via hydrolysis to §-ketoadipic acid) was isolated as 
the 2: 4-dinitrophenylhydrazone. Over a platinum catalyst (VI) took up 2 mols. of hydrogen 
and gave a product which yielded adipic acid on acid hydrolysis. Hydrolysis of (VI) gave a 
muconic acid (VII), m. p. 184°, which in admixture with cis-cis-muconic acid (m. p. 184°; made 
by oxidation of phenol with peracetic acid) melted at 180-—-184°. The melting points and 
mixed melting point of these acids vary with the rate of heating in a manner described later 
Esterification either of the muconic acid or of the half-ester (VI) with diazomethane 
yielded a dimethyl ester with a melting point (75°) almost identical with that (73°5°) of 
the cis-cis-dimethyl ester. However, a mixture of the two esters gave an un 
depression of some 15-—20°, so that clearly the ester of m. p. 75°, derived from the lactone, was 
not identical with dimethy! ¢is-cis-muconate; nor was it identical with dimethy! trans-trans- 
muconate which melts at 157°. On the other hand, the analytical values, including methoxyl 
determination, gave good agreement with those required for a dimethyl muconate, and the 
ultra-violet absorption spectrum also agreed 

It thus appeared that, in spite of the similarities, the compounds prepared from the lactonic 
ester (V) did in fact belong to a new geometrically isomeric series. This was confirmed by an 
examination of the benzhydry! esters. The two known muconic acids and the new isomeride, 
on treatment with diphenyldiazomethane, gave three distinct esters, with m. p.s 157° (cis-cis), 
191° (trans-trans), and 143°5° (from the new acid). These gave correct analytical figures and 
each depressed the m. p. of the other two. 

Although the existence of a third muconic acid was by now certain, we were perplexed by a 
lack of reproducibility in the results. Thus the following series of conversions was carried out 
several times by three separate workers 


Phenol ——> cis-is-acid (1) ——> (11) ——> [V) ——> (VI 


and the dimethyl! esters were prepared from (I) and (VI). Generally, two distinct esters were 
formed, giving a m. p. depression of about 20° as described above, but on two or three occasions 
the esters obtained were identical, which made it appear at first sight that sometimes 
the inversion failed to oceur during the changes (I) > (VI). Subsequently the following 
feactions were carried out, which, although apparently puzzling, actually provided the clue to 
the problem. A sample of muconic acid, ‘ A,” freshly made from phenol, was converted by 
diphenylidiazomethane into the new benzhydryl ester of m. p. 143°5° instead of into the expected 
<ts-cts-isomeride of m. p. 157°. The ester was hydrolysed and the acid so obtained, “ B,” 
together with the starting material “ A“ were converted into dimethyl esters which were 
compared with the authentic esters, m. p. 73-5° and m. p. 75° respectively, of the cis-cis- and of the 
“mew” acid. It was found that A and B were identical with one another and with the new 
acid ; their esters and the new ester had the same m. p.s and mixed m. p.s, but gave a large 
depression with the ess-cis ester. Thus the explanation of the anomaly was not that the inversion 
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(I) ——> (V1) was unreliable but that the starting material had sometimes become inverted in the 
course of its preparation. 

We accordingly prepared some eés-cis-muconic acid under carefully controlled conditions. 
All use of heat was avoided and access to light was kept to the minimum. The acid was then 


and was unafiected by dissolution in alkali and liberation with mineral acid. The solid cis-cis- 
acid could be kept at 100° for 4 hours without change, and was unchanged by exposure to 
daylight (4—5 weeks). Moreover, solutions of the acid in ethanol or alkali were unchanged by 
exposure to ultra-violet light for 30 minutes and 3 minutes, respectively. The sodium salt was 
stable to boiling water, at least for short periods. However, crystallisation of the free acid 
from boiling water was sufficient to bring about rapid and complete inversion. A full 
explanation was thus provided for the earlier lack of reproducibility : some samples of acid had 
been crystallised from boiling water and had thus been inverted; others had not. Incidentally, 
crystallisation from boiling water had been used by previous workers for the purification of 
the cts-cis-acid : we return to this point later. 

It is thus established that the muconic acid formed by the oxidation of phenol can be 
converted into an isomeride by boiling water or, indirectly, through the lactonic acid (II). The 
new compound must be a muconic acid because it is hydrogenated to adipic acid and converted 
into frans-trans-muconic acid when an aqueous solution containing a trace of iodine is irradiated 
by ultra-violet light. The muconic acid structure is also supported by the ultra-violet and 
infra-red spectra. It seems very probable that the oxidation product of phenol has the cts-cis- 
configuration. The assignment of the trans-frans-configuration to the long-known acid of 
m. p. 300° appears established (see summary by Elvidge, Linstead, Orkin, Sims, Baer, and 
Pattison, loc. cit.). This leaves the cis-trans-configuration for the new acid and this is supported 
(i) by the argument advanced earlier, and (ii) by the fact that the new acid is intermediate in 
stability between the other two isomerides, being readily formed from one in boiling water and con- 
verted into the other by ultra-violet light. The muconic acids and their esters provide a further 
interesting example of the isolation in all three possible stereochemical forms of a | : 3-butadiene 
system. Farmer (j/., 1923, 123, 2531) has described the three forms of ethy! aa’-dibromo- 
muconate, and the three stereoisomers of diphenylbutadiene have been prepared and investigated 
by Strauss and Miiller (Annalen, 1905, 342, 190) and by Pinckard, Wille, and Zechmeister 
(J. Amer. Chem. Soc., 1948, 70, 1938). 

Because of the general similarity between the cis-cis- and cis-trans-muconic acids a number 
of their properties have been carefully determined. Analytically pure cis-cis-acid is best 
obtained by crystallisation from ethanol, from which it separates as stout prisms or rhombs. 
The cts-trans-acid, prepared by either of the methods already described, separates from ethanol 
or water in long prismatic needles. The melting point and mixed melting point, determined in 
the usual way, have already been described. If the specimens are placed in a bath at 165° and 
the temperature raised rapidly (10° per minute), then differences between the two acids are more 
apparent, the cis-cis melting at 104—195", the cis-trans at 190—191°, and a mixture at 140— 
185° or even lower. 

The properties of the three muconic acids are described in detail in the experimental section : 
light absorption data are recorded in the table (p. 2238). 

It is to be noted that the positions of the ultra-violet absorption maxima are the same for 
each stereoisomer. In the carotenoids it has been observed (Zechmeister, Chem. Rev., 1044, 34, 
267) that a single frans- to cis- OE ee a eae aceite erg Sag 
toward shorter wave-lengths. In the diphenylbut the corresponding shift is 140—150 a. 
(Pinckard, Wille, and Zechmeister, Joc. cit.) which is close to that observed for the change frans- 
to cts-stilbene. Methy! fumarate and maleate show absorption maxima at 2087 a. (¢ = 32,180) 
and 1927. (¢ = 28,290), respectively (Sérensen, Annalen, 1041, 546, 57), the shift in this 
case being 1604. In all these examples, however, the trans-forms absorb the more intensely. 

Further points of interest arise from an examination of scale models (constructed on covalent 
atomic radii). The occurrence of resonance in conjugated systems and the concomitant 
requisite of a planar configuration are current conceptions which imply that there are in general 
only two allowable steric arrangements about each formal single bond within a conjugated 
system: these possible orientations are designated as s-cis and s-trans. Models show that 
with an s-cis-orientation (about the central single bond) steric interference with a planar 
configuration occurs in both the cis-cis- and the cis-trans-muconic acid and particularly their 
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frans-tvans |. 


Ultra-violet absorption (the isomers are stable under the conditions of the determinations, 
see Experimental!) 
Acids Methy! esters a esters 
(in 0 Is-NaOH) (in EtOH) (in EtOH) 
e eens A ewes & e 
15,600 2590 2650 30,400 
17,000 
15,300 
23,400 
25,600 
23,400 
25,600 
29,100 
25 600 


Intramolecular interference effects are absent from the s-frans-forms, so that an 
s-trans iguration for the cis-cis- and the cis-trans-isomer is strongly indicated. (Indeed, 
conceded that the most elongated form of a conjugated system is the most 
stable.) The ultra-violet light absorption data are not inconsistent with such a view. The 
three muconic acids have been titrated electrometrically. All are strong acids and give closely 
similar titration curves. This therefore does not provide a method for the identification of the 
isomerides but it gives evidence which falls into line with the idea developed above that the 
cis-cis- and cis-trans-acids have extended configurations. On this basis the spacing between 
the carboxy! groups and hence the acid strengths would be roughly the same. It is noteworthy 
that the scale models indicate that there d be no difference in the ease of lactonisation of 
the cis-cts- and cis-trans-muconic acids, provided that they both exist in the s-trans-form. No 
difference has been detected experimentally. 

Grundmann (Ber, 1936, 69, 1755) observed the iodine-catalysed photochemical inversion 
of cis-cts- to trans-trans-muconic acid and we have shown the change cis-trans ——> trans-trans 
occurs under the same conditions. It seemed possible that in comparative experiments 
involving the irradiation of aqueous solutions of the cis-cis- and cis-trans-acids there might be 
some difference in the rate of precipitation of the frans-trans-acid. None could, however, be 
detected. The simplest explanation is that the photochemical change cis-cis ——> cis-trans is 
faster than the second stage, cis-frans ——> trans-trans, although this is in truth very rapid. 

The rapid and complete inversion of cis-cis-muconic acid to the cis-trans-isomer in boiling 
water is remarkable, the more so in view of the stability of the cis-cis-form under other conditions 
where a slow isomerisation might have been expected. It is unlikely that the inversion proceeds 
via the lactonic acid (11) : evidence that a lactone can scarcely be an intermediate in the inversion 
was provided by the production of the dilactone (VII) on prolonged boiling of cis-cis-muconic acid 
with water. The dilactone was more readily formed from cis-cis-muconic acid by the action 

CH, CH—On. of boiling dilute hydrochloric acid and in this reaction the lactonic acid 
OK >, Oo (Il) may well be an intermediate. Under these conditions the 
CONCH formation of (VII) occurred even more easily from (II) than from 

“(WH ) cts-cis-muconic acid 

In view of the similarity between the m. p.s of cis-crs- and cis-trans-muconic acids, 
and also in the m. p.s of their methy! esters, it is not surprising that previous workers in the 
field failed to observe the inversion which accompanies the crystallisation of cis-cis-muconic 
acid from boiling water. The specimens of muconic acid, m. p. 187°, which Farmer (/., 1923, 
123, 2531) (see also Farmer and Duffin, /., 1927, 402), Béeseken (Proc. Acad. Sci. Amsterdam, 
1929, 32, 1043), and Béeseken and Kerkhoven (Rec. Trav. chim., 1932, 61, 964) described and 
regarded as the cis-cis-isomer were in each case crystallised from water. As a consequence, 
it is highly probable that the purified material obtained by these workers was in fact the c#s- 
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fans-isomer, although there is little doubt that the crude product of the oxidation of 


muconic acid are not valid since it seems very likely that 

The true stereochemical identity of the methy! muconate of m. p. 75° prepared by 
(loc. cif.) and reinvestigated by Béeseken and Kerkhoven also remains uncertain. 

of the work of Farmer and of Béeseken will be necessary to clear up these points. 


EXPERIMENTAL. 

(M. p.s marked * were taken from a bath at 165°, with the temperature rising at 10° /minute. Other 
m. p.s were determined normally.) 

t eee ae Dee ae ey 
but-l-ene-l-carboryhic Acid : 
lactonic ester (Elvidge, Linstead, . eit. 
(10 c.c.) was kept for 30 minutes with sodium methoxide in methanol (12 c.c. ; 

water, and the 


C, 54-25; H, 5-4: O 
156). 


In another experiment the lactonic ester (1-4 DS 02 ons mes See ae methyl! h 
trans-cis-muconate (0-4 g.) in 20% yield. The filtrate was for 10 days, then extracted with , and 
the ethereal solution evaporated. Treatment of the residue : eranaee 
in dilute hydrochloric acid gave an orange 
to give orange needles of levalic acid 2 4 yth -p- * and mixed m. p. 206— 

*. Treatment of the derivative (0-1 g. diazomethane afforded orange (from 
ethanol) of methy! levulate 2 ¢-daltveghenytayieemne, %. p. and mixed m. p. 141". 

? cis-trans-Muconic Acid.—The malate DOS sa) eaten’ wa We Fa peered ern 
hydrontde 2 c.c.) on the steam-bath for ed from hot water to give primate ac oo PA 
and the tate crystallised from water needles mg., 
m. p. {e0—-101°,° of cleleane-menomis acid acid (Found : , oe Mey equiv., 70-8, reek 
requires C, 50-7; H, 425%; equiv., 71). For mixed m. aa and the cts-cts-acid, see p. 22 
Hdrogenaton of ciirensacnic ek (100mg) in thane in agains $n nme dl 
(hydrogen uptake wee at 21°/765 mm double bonds: 33-9 cc.) gave adipic acid, 
m. p. and mixed m. p. I 


t Methyi re cere =f) Bag - EC Sees yinmctannthe ae a ee 
a small excess of diazomethane in Migs sweatin 


residue crystallised from A ee Oe pee 
formed needles, m. p79" (Hound: 56-8, 56-5; 63,60; OMe, 37: et a h 
requires C, 56-5, H, 5-9; OMe 36-5%; equiv., 85). ‘A mixture 


rg p- hie 5") had m. p. 50—55°. 

(6) Reaction of cis-trans-muconic acid (100 mg.) hiner ethereal diazomethane similarly aflorded 
methyl cis-trans-muconate (needles from aq , m. p. and mixed m. p. 75°, but depressed 
by methyl cis-cis-muconate. 

Lactonisation of cis-trans-Muconic Acid.—A suspension of 
(5 c.c. y was Dept for 36 heures and penend on conmse 0 73 Gt. and the 
concentrated ammonia solution. The solution (just acid to 
hours, the extract evaporated, and the residue y-Carb- 
oxymethy!-A4*-butenolide separated as prisms, m. p. 110° alone or on admixture with material prepared 
from the cts-cis-acid 

cts-cis-Muconic acid was prepared as described by Elvidge, Linstead, Orkin, Sims, Baer, and Pattison 
(loc. est.) except that particular care was taken to avoid the application of heat at any stage, and access 
of light was kept to an absolute minimum. The crude acid had m. P. 179—183° ; treatment of a portion 
(0-5 g.) with diazomethane in ether gave eg pen te yield of methyl! cis-cis-muconate, m. p. 73° 
(from aqueous methanol) depressed to 50— by methy! cis-trans-muconate. The crude acid 0-5-g. 
portions) did not undergo inversion on crystallisation from methanol or ethanol; from ethanol, cis-cis- 
mrucomic acid ted as prisms or rhombs (0-2 g.), m. p. 194-195" * (Found: C, 51-05; H, 44%; 
equiv., 70-9. C,H,O, requires C, 50-7; H, 425%; equiv., 71). 

Methyl cis-cis-muconate was obtained from both the crude and the preceding purified cis-cis-acid with 
diazomethane in ether, and crystallised from ——— methanol and from hexane as needles, m. p. 73-5" 
(Found : C, 56-15; H, 59; OMe, 36-2. C,H,,0, requires C, 56-5; H, 5-0; OMe, 36-5%) 


of M. P. upon Stereochemical Purity.- ~The m. p.s of known mixtures of methyl cis-css- 
and cts-trans-muconates were; 50: 50, m. p. H—55°; 85: 15, 60-63"; 06° 5, 67-69" 


trans-trans-Muconic acid (Ingold, J., 1921, 119. 951) was recrystallised from a volume of boiling 
water and thus obtained as minute prisms, m. p. 301° (Found : equiv., 703. Calc CHO,: equiv., 


71). Its dimethyl ester, prepared from the acid and diazomethane, c crystallised from ethanol as needles, 
m. p. 157° 


yl cis-cis-muconate 








+ With B. A. Orkin, Harvard University. 
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oper ether Qo cc. 2 Ti Toa 

Wee rans macont be (@-2 ¢.) and methanol (3 ¢.c.) were added, and 

the for several hours. the ether 

residue from methanol gave m. p. “et. 

H, &T. CyHyO, requires C, 810, H, 55%). 

cis-trans-muconate, needles, m. p. 143-5° (Found: C, 80-9, H, ; 

needies, m. p. 187° (Found: C, 80-9: H. 58%). Mixtures of the three pairs of esters showed m. p. 
depressions of 20-—30° 

Hydrolysis of Esters.—(i) After being kept overnight with concentrated hydrochloric acid (1 c.c.), 
benzhydryl cis-trans-muconate (50 mg.) was recovered omens (40 mg.; m. p. and mixed m 
143-5"). (ui) Benzhydry! cis-trans-muconate (0-5 g.) was refiu with 10%, aqueous sodium hyd 
(5 ¢.c.) for 8 hours, and the mixture cooled and extracted with ether (2 x 20c.c.). Theaqueous layer was 
acidified to Congo-red with concentrated hydrochloric acid, and the white precipitate collected and 
treated with diazomethane in ether. From aqueous methanol the product as needles, 
m. p. 73°; muxtures with methyl! cit-trans- and cis-cis-muconate had m. p.s 73-—74° ona. 50-55", 

tively. (it)) Methy! cis-trans-muconate (0-5 g.) was heated on the steam-bath with 10%, sodium 
bse ide solution (1 ¢.c.) for 30 minutes. The solution was acidified and the white precipitate, m P. 
was treated with diphenyldiazomethane in ether. The product separated from met 
needies, m. p. 143° undepressed by benzhydry! ¢ts-érans-muconate. 

Stereochemical Stability of ciw-cia-Muconic Acid and tts Esters.—(i) The acid was stable to boiling 
methanol and ethanol, as described above. (ii) The finely powdered acid (0-5 g.) was heated at 100° for 
4 hours, without protection from light and air, and treated with diazomethane in ether. A 
—_ yield of methy! cts-cts-muconate was obtained, m. p. and mixed m. p. 73-5", essed to 

methyl cts-frans-muconate. (iii) A solution of the acid (0-5 g.) in aqueous sodium hydroxide 

(25 c.c.; 01m.) was kept at room temperature for 4 days, without tion from light. The solution 
was then acidified to Congo-red with concentrated hydrochloric and cooled to 0° for 4 hours (in the 
dark), and the precipitate treated with ethereal Gaaemethene. The uct (500 mg., 83%) had 
m. p. 71-72" undepressed methy! css-cis-muconate but depressed to 55° by the cis-trans ester 
(iv) A solution of the a ~ od gh ) im aqueous sodium hydroxide (25 ¢.c.; 0-1n.) was heated to boiling for 
at 0 as above. Reaction of the precipitate with ethereal diazo- 

“5 g.), m. p. 70-—72° und by methyl cts-cis-muconate but 

the cis-tvans ester. (v) The acid (95 mg.) was dissolved in aqueous sodium 

hydroxide (2 ¢.c.; 0-4~.) contained in a l-cm. — cell and for 3 minutes to the radiation from 
a condensed spark between tungsten-steel electrodes (this was thrice the irradiation received during 
determination of the ultra-violet absorpt: eee The solution was acidified to Congo-red with 
concentrated hydrochloric acid and wea ato” 4hoursin the dark. The cis-cis-muconic acid (60 mg., 


22 vg = 2-28 i b 47) Poa yen 
viinger, Aathes merece isi, 0 Peek Roe — 


85%) thus recovered was converted by diazomethane into the ester (85 mq). .m. p. 70-—-72°, which did 


not depress the m. p. of authentic methy! css-cis-muconate but that of the cis-trans te. 
iv) A solution of the acid (0-6 g.) in ethanol (10 c.c.) was irradiated for 30 minutes with ultra-violet t 
from a Hanovia lamp. a ation of the solution under reduced pressure and reaction of the 
with diazomethane methyl cts-cts-muconate (needles from aqueous methanol), m. p. and 
mixed m. p. 735° vii) 50. Me. samples of the methyl! and the benzhydry! ester of cts-cis-muconic acid 
in ethanol were similarly irradiated with ultra-violet light for 15 minutes. The recovered esters had 
oF s 73° and 157°, respectively, undepressed by the corresponding esters of authentic cis-cis-muconic 
ac 


Inversion Experiments.-(a) Conversion of cis-cis- info cis-trans-muconic acid. (i) cis-cis-Muconic 
acid (2 g.) was heated to boiling with just sufficient water to effect solution. When the filtrate was 
cooled, small prismatic needles of cts-trans-muconic acid ted (yield, 95%), m 190-—191° © 
depressed on admixture with the starting material. The acid was treated with ethereal diazomethane 
and the product gy ne from methanol-—water to give needles of methyl! cis-frans-muconate, mp 
and mixed m. p. 75°, depressed to 50-..55° by the cis-ces-ester. 

li) Crude ¢ts-cis-muconic acid (1 g.), direct from the oxidation of phenol (above), was divided into 
two equal portions, one of which was crystallised from boiling ethanol and the other from boiling water 
The recovered acids were each divided into two portions, one of which was treated with diazomethane 
and the other with diphenylidiazomethane. The four esters thus obtained were recrystallised in the 


usual way, and mixed mp. determinations with the appropriate authentic cis-cis and cis-trans esters 
made as indicated 


Muconic acid, m. p. 176-—~183 
(product of oxidation of phenol) 
Boiling OH =| Boiling HYO 

5 in 


Esterifications SOE ations 


io Yee 


Methyi eater, Benzhydry! ester, Methyi ester, Benzhydryl ester, 
m.p.7 m. p. 157° m. p. 75 m. p. 143-5 


is-cis 73° 187° 51—s8° 121—126° 
Mixed with (FP ram 554" 125—129° 75° 143-5 
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«) Commncien Gf tadtigl oud tougited 
of the two css-css-esters were 
for 60 minutes with ultra- light from a Hanovia lamp 
gave respectively mining with trawl ght from 9 Mamovia lamp Eva 
érans-trans-muconate, m. p. 188° and mixed m. p. 188—190*. 
vir Troy SyclefS +3 - Oheet 
< ), DB: Tie 2. 6-dioxa 3 : Ojoctane 
S08 SP Set a ee hi 3 
84 188° (moderate! rate eee 
methy yaoslion Som 


| cis-trans-muconate 


| 
He 








the b 
Platelets (0-2 @) m. 





hydrogen car depressed “Whea't ys wi 
uconic acid (0-5 g.) was heat under reflux with water (6 c.c.) containing a few drope of concentrated 
bydrochioric acid, and after 30 minutes the mixture was evaporated to dryness on the water-bath. The 
on cooling ; iam ethene Seeene ae Seen eee es. 60%). 
me pm 


Pe amen ana me ldobut. 
5 Oon oneal to dryness be - 
on cooling. Suan oneaad conaien the but 

mixed m. p. 128—129". A mlnnoe ttn the tantente oad bad. p. 


. J. L. Hales of the Chemical Research Laboratory for the infra-red 
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463. Organic Fluoro-compounds. Part II. The Preparation of Alkyl 
2: 4-Dinitrophenyl Ethers from \-Fluoro-2 : 4-dinitrobenzene. 
By W. B. WHaALttey. 


The interaction of |-fluoro-2  4-dinitrobenzene with alcohols in the ot triethylamine 
readily furnishes the corresponding 2 : 4-dinitrophenyl ethers, which are suitable in many 
instances for the characterisation of the alcohols 


Tue 2 : 4-dinitropheny! ethers of phenols are readily preparable by the interaction of an alcoholic 
solution of 1-chloro-2 : 4-dinitrobenzene and a solution of the phenol in aqueous sodium 
hydroxide (Bost and Nicholson, J. Amer. Chem. Soc., 1935, 57, 2368). In general 1-chloro- 
2: 4-dinitrobenzene does not react readily wth alcohols and those 2 : 4-dinitrophenyl ethers 
of alcohols reported have usually been formed by the interaction at an elevated temperature, 
of the appropriate sodium alkoxide and the reagent (¢g., Blanksma and Van der Weyden, 
Rec. Trav. chim., 1940, 39, 629), or by indirect methods such as ether exchange (Ogata and Okano, 
J. Amer. Chem. Soc., 1949, 71, 3211, 3212). 

The easy replacement of a fluorine atom, located in the ortho- or para-position to a nitro- 
group, by an alkoxyl group under the influence of methy! or ethy! alcoholic potassium hydroxide 
(Schiemann, Ber., 1929, 62, 1794; Brown, Suckling, and Whalley, /., 1949, S96) suggested the 
use of 1-fluoro-2 : 4-dinitrobenzene for the general production of the 2 : 4-dinitrophenyl ethers 
of alcohols. The present communication records that alcohols and 1-fluoro-2 : 4-dinitro- 














Organic Fluoro-compounds. Part II. 
iia 
Crystalline form. 


Nendiee oe" st, 
zeae St 
Massive long sleader C,,H,,O.N, 


Pale greenish. —. Cult ON, 
Plates * seco OWN 
Slender prisms * Pa 
Shimmering flat C,,H,O,N, 
(~)-3-4 — 
e-toly!) butan- 
Benzoin 


Ethylene glycol 
Ethylene glycol mono- 
methyl ether 


Propylene glycol Casters of very small Cc PO 
needles * 


Trimethylene glycol Glistening * ¢ 
Cety! alcohol or 60 C. 
128 


ae Iso 
ing very pete yel- 
low needles * 


* Crystallised from methy! alcohol or sh alcohol. * Crystallised " 
oan gut Shane Ces eit.) give m. p. 34 and Van der W (loc. cit.) record 
. 46°. Ogata and Okano (lee. “orem. 51—53°. * Fairbourne and Toms (/., 1921, 119, 
record m. p. 46° for a specimen prepared ym yield by the refluxing of a mixture of ally! aicoboi 

and |-chioro-2 : 4-dinitrobenzene. * Staedel (An 1 _ =. 177) and Holmes and ‘old (J., 
1925, 127, 1410) describe the uct as 198°. Lyman aa eid (J. 


orange. yellow 
Amer. Chem. Soc., 1920, 48, 616) record m. p eed ae pe tly not analysed 
’ Kumpl (Aunaion. 1884, 284. 128) Sapam Gn p. 149° for a substance by the interaction of 


benzy! ide and the silver salt of 2 ; 4-dini . Raiford and UJ. Amer. Chem. Soe., 
1926, 48, 2659) give m. p. 149-5". * Post and Mehrtens (Ber., 1875, 8, 1552) record m. p. 87°. 


benzene react easily in the presence of triethylamine, as a catalyst, with the production, usually 
in high yield, of the corresponding ethers which in many cases are highly crystalline solids 
suitable for the characterisation of the alcohols [cf. the use of 1-fluoro-2 : 4-dinitrobenzene for 
the characterisation of amino-acids (Sanger, Biochem. ]., 1945, 39, 507)) 

Pyridine is not a suitable catalyst; interaction with the reagent produces dark resinous 
products. 

Primary alcohols react very readily and exothermically, whilst secondary and tertiary 
alcohols react less readily and frequently require warming to complete the reaction. Un- 
saturated alcohols (¢. ally! alcohol, cinnamyl alcohol, cholesterol, and ergosterol; see table) 
appear to react normally: the two ketonic alcohols examined (benzoin and diacetone alcohol) 
appeared to suffer considerable decomposition 

As a reagent for the characterisation of alcohols, 1-fluoro-2 ; 4-dinitrobenzene would appear 
to offer considerable advantages over the conventional reagents which require careful storage 
under anhydrous conditions and in general necessitate the use of the anhydrous alcohol. In 
contrast, 1-fluoro-2: 4-dinitrobenzene is quite stable to atmospheric moisture and may 
apparently be stored indefinitely without the observance of special precautions designed to 
prevent the ingress of water. Small amounts of water do not appear seriously to impair the 
yield of derivative, and any 2: 4-dinitrophenol produced by the hydrolysis of the reagent is 
readily removable (contrast, for example, the behaviour of the isocyanates, “ Organic Reagents 
for Organic Analysis,” 1944, London, p. 11) 


EXPERIMENTAL. 
1-Fluoro-2 : 4-dinitrobenzene,_-p-Fluoronitrobenzene (Balz and Schiemann, Ber., 1927, 60, 1186) 
was nitrated by Holleman and Beekmann's method (Rec. Trav. chim., 1904, 23, 253) 
Alkyl 2: 4-Denstrophenyl Ethers.-The general method of preparation consists of the interaction of 
equimolecular quantities of the reagents in the ¢ of a little triethylamine. Reaction may occur 
at room temperature, rapidly or during several rs, or when the mixture is heated on the steam-bath 








(1950) 


for several hours. No solvent is 
saan, te pected bomen 





soluble tn alcohols and prolonged heating to ensure solution is 
aan = peng One crystallisation is usually sufficient to remove the 
~products. 


The following typical preparations illustrate variations of the general method : 
p Capestel sun aestnn <6 Game: 








2 : 4-dinitrophenetole (0-5 in colourless ing 
4; HL 3-0; N, 13-5. Cale. for CoHLO,N, C, 45:3; H, 38; N, 19-2%). 
chee nego y gro 
ether, To a solution of 1-fluoro-2 : 4-dinitrobensene 
12 Hours later the dark 


from aqueous methy! alcohol pon 

ted in almost colourless ge ht Rye C, 478; Ht 

ores H, 44; N, 124%). Bilanksma and Van Weyden (ioc. cit.) record m. p. 32°; 
Okano (loc. ett.) record m. p. 28-—30° 

a 7 2 : 4-dinitropheny!l ether. A solution of cholesterol (0-3 g.), 1-fluoro-2: 4-dinitro- 
benzene (0-2 g.), wept: ee pn ghey dw pro es al he Nenagh fans gi temrmespe th ae sn 
The product partly crystallised from the cooled solution, which was decomposed with excess of s-hydro- 
chioric acid solution and extracted with ether (3 x cas Se he ye yeh he — 


tert.-Butyl 


0° but were oils at room temperature. fert.-Amyl sleobol, Ryne | alcohol, ethylene glycol monoethy! 
ether, and cyclohexanol gave derivatives which could not be crystallised at 0°. Diacetone alcohol gave 
a low- ~melting crystalline solid accompanied by much dark oil. 


Caution ; 1-Fluoro-2 : 4-dinitrobenzene is a skin irritant and should be handled accordingly. 


The author thanks Mr. N. Lund, B.Sc., for assistance with the tion of 
and Imperial Chemical Industries Limited (General Chemicals Division) for a gift shestiom 8 en 


Unsiverstty oF Liverroot. (Received, May 11th, 1950.) 
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Studies on Indene Derivatives. Part VILL. Muethylenedionyindanctrione, By Ranwan 
MovusBasner. 


5 : 6-MernyLenepioxyinpane-l : 2: 3-TRIONE (1) is obtained when the 
yl 
and exposed to sunlight, 
1927, 49, 236), (1) was reduced to the 
treatment of 8) with hydrogen 


the dimethyl ether (IT; R = ey on re ith 
and (II; RK «= H) (ef. Moubasher and Ibrahim, Ie 


ara 











Po 
cH, (dr) 
Ys 


Action of Oxalyl Chloride om Di-(5 6-methylenedioxy)hydrindantin Hydrate —0- 2G. of (11) was reflaxed 
with 10 ¢.c of oxalyl chloride for § hour, and the excess of oxaly! chloride removed by distilling under a 
vacuum; the colourless residue recrystallised from much dry benzene in colourless needles of di-(2- 
dibydroay-1 3-diketo-6 : 6-methylenedioxyindan-2-y!l), m. p. 288° (Found: C, 561; H, 26. Calc 
——- O,,: C, 586; H, 24%). 


¢ Siew Ahydroxy-3-heto-5 : 6-methylenedionyinden-2-yl) (111, R = H).—-(a) From the 
aeana ih. tone hydrate (0-2 g.) in ethy! alcohol (90%; 150 c.c.) was refluxed for 3 hours, 
during which a stream of h are SS eS Se eee: aes emo hom of som 
were filtered off and recrystallised 2-methylnaphthalene in dark violet 

crystals, m. p. %,), soluble in aqueous sodium hydroxide to a dark red solution (Found: C, 
632: H. 28. Cale. for C HO, C, 63-4; H, 27%). 

(b) Prom the Aydrindantin. The penne was as described under (a), the yield being ca. 70%. 

The powdered substance reacted vig ly with eth } diazomethane, yy PL after 
24 hours; after evaporation, the residue of the dimethyl ether crystallised from methyl alcohol in 
orange crystals, m. p. 170° (decomp.), soluble in alcohol, d soluble in ether, and insoluble in sodium 
hydroxide solution (Found: C, 64-8; H,32. Calc. for C,,H,,O,: C, 65-0; H, 3-4%). 


The dimethy! ether was treated with cold sulphuric acid for 2 hours at 60°. The red-violet solution 
was poured into ice-cold water, giving a red-violet deposit of (III; R = H) which, dried and crystallised, 
had m. p. 340° undepressed by an authentic sample prepared as above. 

Action of Oxygen om (ULL; R = H) in Presence of Selenium.—The substance (0-2 g.) was powdered 
with red m (2¢.) and heated at 320° in a current of air for 3hours. A sublimate of colourless 
crystals, after rec tion from hot water, was identified as hydrastic acid 

Action of 8 6 Methylenedioryind 1: 2: 34trione Hydrate on o-A mino-acids.—(a) A solution of 0-2 g. 
of alanine in 25 c.c. of water was added to a suspension of 0-3 g. of the hydrate in 100 c.c. of water in a 
Claisen flask fitted with an upright condenser, to which was attached a ng condenser and a receiver, 
whilst a continuous current of carbon dioxide was passed through the . The receiver contained 
@ solution of 2° 4-dinitrophenylhydrazine h chloride. The mixture in the flask was distilled until 
its volume was reduced to about 25 ¢.c receiver was then left to cool, whereupon acetaldehyde 
2 : 4-dinitrophenylhydrazone (ca. 30%) was obtained, having m. p. 166° (cf. Bryant, J. Amer. Soc., 1932, 
64, 3760) alone or mixed with an authentic sample 

In the reaction vessel a dark red-violet substance ated, which was filtered off, dried, and 

from 2-methylnaphthalene giving (111 ; RK « H) in needles (0-1 g.) 

(0) Heating a mixture of alanine (0-2 g.) with the hydrate (0-3 g.) in 50 c.c. of water gave carbon 
dioxide and ammonia 

Action of Aqueous Ammonia on the Indanctrione Hydrate—The hydrate (0-2 g.), dissolved in hot 
water (100 ¢.c.), was cooled and excess of aqueous ammonia was added, a violet solution being obtained. 
After ee nee ee Coenen ae Otani ee Seen eee 
The resulting brownish-red gelatinous precipitate of 5 6-methylenedioxy-2'-(2-carbory-4 5-methylene- 
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Unversity, Facuuty or Scrence, Caro, . [Recewed, waprit 1lsh, 1950.) 





The Action of Ammonia on B-Benzoylacrylic Acid. By M. M. Praser and R. A. Raruast. 
Txraction of ammonia on £-benzoylacrylic acid has been studied by 
, 1048, 226, 1378). 





e-amino-f-2 ionic acid) an 
aia (c-amine-§-5 emiasSonsuyigrepionic oc 





to be the e-amino-acid 


In the ninhydrin reaction the product does not give results typical of an «amino-acid; during 
es on Saree ene Sey Se Se the sudden formation of a white 


cry by 
Ruhemann’s hydrindantin ( 
Pap 106. Tod, 1308) ef. Peet, West und Rinehart, J. Bi Die C — 1942, 146, 105). 
would not serve as a 
ne Age aay aps Began Hy panes oy 
17, 1440). Reduction of the keto-amino-acid with sodium 


amino-acid which intense Je coloration 
solution. The original al pee uct is correctly pes L as 
e-hydroxy-f-benzoyltpropionic acid 

preparation by the hydrolysis of chloral 


The atypical ninhydrin reaction given by e-amino-s- 
immediate interaction of the two degradation 








16 hours the liquid was concentrated in vacuo to about 5 c.c.; BR + .. 
(#1 Bow yoy Loh komen nt ae nagtecgane Bogle be we by water a 
ved in warm 6n 
, 62-5; H, 65; 


mental — acid (6 dissolved ammonia ; 20-688). After 
pert B-Benzoylacrylic @ 6.) was in (30 c.c. ). perv} 





requires C, 62- 
prance of the carbonyl, emi. and catbonyerupe wes cndrmed a = 
tives: th derivative 


in plates, m. ia cmp apt heating (Pound: C, 62-25; vei om N, 7-15. CoM LON 


Se: oes en 
. He 
this derivative 


0-5; H, 55; N,& 
semicarbazone, 


Saas C 613: nee, ee 
ding | deaplatpdazone 
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neo? S 
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adical interchange 
r physiol. Chem. 1900, 81, 119). 





The auth indebted to the Chemical og: Ae a Research Grant.—Cuemistay DerartMent, 
Universiry oF Gasseow. (Reesieed, April ith, 1 J 





The Ovidation of Anthrone by Aromatic eg By V. M. Incram 
Arrsurts to hl 10-m- Sane gt imeth 
dichi alae can om were ae 


acted - an exiting agent converting the 


phenone, and it would thus appear to be a general characteristic of aromatic nitro-compounds 

With nitrobenzene, which underwent reduction to aniline, it was found that the yeild of dianthron- 
yl was greatl carrying out the oxidation me pine nem of hydrogen chloride, but was 
Pay snteeaiy Uenitched when Wate gaperiains wee obded te t tion mixture. 

Experimenial..(M. p.s are uncorrected.) Oxidation of anthrone. (a) By dichloro-m-nitrodiphenyl- 
methane. The keto-chioride was ed by heating molecular proportions of m-nitrobenz one 
and phosphorus — on water-bath for Shours. After cooled, filtered from unchanged 
ketone, and freed from phosphorus oxychloride by distillation with petroleum (b. p. 100—120°) under 
diminished pressure, the crude keto-chloride solidified overnight and was used without further purification. 


A solut of anth > 01.508 Sip Aewiee SS ee ee ee ee we 8 oe 
When cooled the solution d i (id- %) which, after crystallisation from 
acetic acid—methy!l salicylate (2; 1), had m Bie Sor .) not depressed by admixture with 
ey <a eh Yara COmc 1933. 7). 


(b) By aitrod: lution of anthrone (5-0 g. vie nitrobenzene (3-0 c.c.) in dry xylene (30 c.c.), 
containing a little by drogen chloride, was boiled — reflux for 5 hours. Leaficts of aniline hydro- 
chloride and drops of water appeared in the condenser, and, when cooled, the liquid, which had become 
dark orange, furnished dianthron-9-yl (4-2 ¢., 86%) in an almost pure condition. 


The xylene mother-liquor was extracted several times with small of dilute hydrochloric acid 
On the addition of bromine (in acetic acid) to the acid extract s-tri iline was precipitated and 
corresponded in amount (0-9 g.) to 82% of that required for the formation of the dianthrony! 


In a further experiment in which the same amounts of nitrobenzene and anthrone were em eet, 
but in which the hydrogen chloride was omitted, the yield of dianthron-9-yi fell to 40%, an 
the hydrogen chloride was rag by piperidine (3 drops) the yield was only 6% 


(c) By m-wttrobensop: After being boiled for 5 hours, a solution of sien han ) and m-nitro- 

meieelie Vin dy nylene (18 c.) ted unchanged anthrone. Hydrogen chloride was then 

into the liquid and ting continued for a further 2 hours. Extraction of the resulting crystals 

35 a little boiling acetone followed by crystallisation from glacial acetic acid-methy! salicylate (1: 1) 
¢urnished a small amount (0-25 g., 10%) of dianthron-9-yl. 


(d) By m-nttrobensaldehyde. A solution of m-nitrobenzaldehyde (2-0 g. ) and anthrone (2-5 g.) in dry 
xylene (15 c.c.), after 5 hours’ refluxing yielded dianthron-9-yi (0-9 g., 36%) 


The oxidation of anthrone to dianthron-9-y! by aromatic nitro-compounds apparently depends 

on the preliminary treatment of the xylene. In the experiments deeuthel aheve the xylene had been 

purthed by over sodium at ordinary temperature, but other samples which bad been 

more y purified by boiling over sodium, sometimes after previous refluxing with anhydrous 

aluminium chlonde, yrelded products from which little or no dianthron-9-yl could be isolated. 
Tiexpeck Cottece, Lonpon, E.C.4. (Received, April 11th, 1950.) 

















* See footnote, p. 2211. 
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Preparation of m-Dimethylaminod idehyde, By V. M. Inonam. 
which has been jously prepared by Cocker ef af eee, oat) 
my opto e - mmsthed involving ‘catcamive’ conversion ints y- the acetal, 








s and b. p.s are uncorrected.) The catalyst was 
suspension g.) in an aqueous solution (100 ¢.c.), con 
nn weg de yet meeps ge 5 
of h 


Soe anes Oe US Ee 08) CS Sa ere aes 

vigorously in mpeg at y and pr The reduction proceeded 
first, but the rate of absorption y decreased until after 5 hours it had fallen to zero; 
volume of hydrogen absorbed amounted to 111. (theory, 11-21. at N.T.P.). 


The solution was filtered from the catalyst and acidified with dilute hydrochloric acid, and most of the 
alcohol was then removed by distillation. After extraction with ether to remove unchanged nitro- 
compound, the almost black solution was made alkaline with sodium hydroxide, and the amino-aldeh yde 
collected in benzene. On fractionation of the product under reduced pressure m-dimeth 
aldehyde was obtained as a pale oil (40 g., 27%), b. p. 112-——114°/3 mm., feo ped ter ony ceymnnn 
into «#-m-dimeth ylaminobenzylideneac etophenone, which had m. p. 105-106", identical with the value 
given by Cocker ef ai. (lec. cit:).— Binxercx Cottece, Lonpon, E 4. (Received, April 11th, 1950.) 











The Reaction of Diacetyl with Ethyl Orthoformate. By D. A. Hanns 


Parrent'ev and Mixzasv (J. Gen. Chem. Russia, 1941, 11, 707) reported that diacety! reacted with " 
molecular equivalents of ethy! orthoformate in the presence of a trace of sulphuric acid to give 2:2: 3 
tetraethoxybutane in 60% yield. This reaction has been repeated but the cetpasthanpbutans was a 
obtained "The product, after careful fractionation, showed an absorption band in the ultra-violet 
(fmas 33-8 at Auge 204 mp.) characteristic in position and intensity for a ketone; and its molecular weight 
corresponded to that required for 3: 3-dicthoxybutan-2-one. This conclusion was confirmed by a 
comparison of the physical constants with those reported by Calder and Fleer (U.S.P. 2,401, 336; 
Chem. Abs., 1946, 40, 5070). 


This butanone was prepared more conveniently by reaction of equimolecular proportions of diacetyl 
and ethy! orthoformate, since the use of two molecular equivalents of the latter gave a product from which 
the excess of ethy! orthoformate was difficult to fractionate. Another compound with a boiling point 
between that of ethyl orthoformate and the ketone was formed in a small amount; its presence was 
detected from its absorption in the ultra-violet at 250 my., but it was not identified 

3: 3-Diethoxybutan-2-one gave the dioxime and disemicarbazone of diacetyl when it reacted with 
hydroxylamine and semicarbazide, respectively. 

Experimental.— Reaction of diacetyl aith two molecular valents of ethyl orthoformate. Following 
the directions of Parfent'ev and Mirzaev (loc. cit.) diacetyl (14-4 g., 0167 mol.) was added dropwise to 
ethy] orthoformate (50-0 g., 0-34 mol.) and sulphuric acid (4 drops). Stirring was continued for four 
hours at a temperature of 40-.50°; the mixture was then taken up in ether, shaken with 10% sodium 
carbonate solution, washed with water, and dried (K,CO,). The ether was removed by distillation and 
the residue fractionally distilled giving a main fraction (36-8.), b. p. 56—65°/20 mm. Ke-fractionation 
yielded 3: 3-diethoxybutan-2-one (9-5 g., 36%), b. p. 64—65-5°/19 mm (Found: C, 50-8; H, 101%; 
M (cryoscopic in benzene), 167. Calc for C,H,.0,: C, 600; H, 100%; M, 160). 


Reaction of diacetyl with one molecular quae of ethyl orthoformate, Eq lecular a ts of 
diacetyl and ethyl re reacted exactly as above to give, after fractionation, 3: 3-diethoxy- 
butan-2-one (yield, 47-5%), uP 66-5675" /20 mm. (Found: C, 504; H, 99%; M Seer 5 in 
benzene), 166, ff 14033, df 0-9217; (Ry)p 42-39. Calc. for ¢ HO, C, 00; H, 10-09%; M, 160 
[Rely 42-44) 

By refractionation of the lower-boiling component, fractions were obtained which gave absorption 
bands at 250 mp., the fraction in which this band was most pronounced having E}%S, 10-1 at Aus 250 mp. 

Reaction of 3: 3-diethoxybutan-2-one with hydroxylamine and semicarbaride. The ketone was added to 
an aqueous solution of hydroxylamine hydrochloride containing sodium acetate and heated. The oxime 
separated out as colourless crystals, m. p. 233° (after recrystallisation from dilute alcohol) not depressed 
in admixture with dimethyiglyoxime, m. p. 235° 

Reaction with semicarbazide hydrochloride and sodium acetate gave colourless crystals, m 276° 


(after recrystallisation from glacial acetic acid) not depressed in admixture with diacety! disemicarbazone, 
m. p. 279 





Thanks are due to Mr. F. W. G. SchOning for carrying out the microanalyses and to the South African 
Council for Scientific and Industrial Research for permission to publish this note —-Nariowat CHEMICAL 
Researcn Laporatory, Pexrorta, Sourm Arnica. (Received, April 25th, 1050.) 
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The Reaction of Some Sulphonarides with Pyridine, By G. L. Bocnawan and R. M. Levine. 


THe reaction of yaszides (I) with pyridine was first studied by Curtius (/. pr. Chem, 1930, 125, 
393) who formulated the products as sulphonamides of type (II). In no case he prove the structure, 
although he demonstrated that on hydrolysis they yie the corresponding sulphonic acid and a basic 
material which had the composition of an aminopyridine. In one such case (R = #-naphthyl) 


R-SOYN ; g 
1) \S \s xe 
N 


R-SO,NH-C,HN ®N-SO,R H, 

(mt) (Ith) (Iv,) 
the base gave a picrate and a platinichloride closely resembling those of 2-aminopyridine, but the identity 
was hot tested 


More recently, Ashley, Buchanan, and Easson (/., 1047, 60) and Datta (/. Indian Chem. Soc., 1947, 
24. 100) bave proved that p-acetamidobenzene- (1; R f; NHAc-C,H,°) and toluene-p-sulphonazide 
il; BR pC, 1H Me) give condensation products of type (111) which are hydrolysed to salts (IV) of the 
unstable free base 


These results suggest that the reaction does not always follow the same course. We have confirmed the 
results reported by Curtius for two azides (1; K =~ Ph and p-C,H,Cl) but not for (1; KR « 8-C,,.H,). The pro- 
ducts are insoluble in alkali and yield, on hydrolysis, the appropriate sulphonic acid and | ee ridimum 
salts (LV We have also confirmed that no rearrangement has occurred during the hydrolysis of the 
f-naphthy! compound by re-synthessing |-(naphthalene-8-sulphonimido)pyridine (IIIT; K = 8-C,,H,) 
from the hydrochloride ([V; K « Cl) and naphthalene-g-sulphony! chloride 

These results establish the point of attachment to the pyridine nucleus. Hence the condensation 
product are of type (111) 


LE apersmental — Pyridine was peotonty redistilled and dried over potassium hydroxide pellets, 
although we have no reason to believe this to have been necessary. The azides were prepared in 83 
80% yield from the corresponding sulphony! chlorides and sodium azide, by the aqueous acetone 
method described by Ashley ef al. (Joc. cat Condensations were effected as described by Curtius except 
where otherwise stated. Hydrolysis products or their salts were identified by mixed m. p 
determinations 


1. Benzenesulphonimidopyridine (IIT, K «= Ph) prenees from the azide (90 g.) and pyridine (1-51) 
and recrystallised from methanol, had m. p. 152° ( g.) and gave a hydrochloride, m. p. 198-—200 
Although isolation (cf Curtius) involves dissolving the tarry crude product in alkali and reprecipitating 
it with acid, the pure product is not soluble in alkali, but dissolves wn acids. The anomalous properties 
of the tar must be due to acidic by-products (see Ashley et al, Joc. cit.) and the solvent action of residual 
pytidine 


1-(p-Chiorobenzenesulphontmido)pyruline (IIL; R p-C, HCl) was prepared by boiling the azide 
4g.) and pyridine (1-5 1.) for 48 hours The excess of pyridine was distilled off under reduced pressure, 
and the dark residual tar treated with methanol, Next morning, the product which had crystallised 
was recrystallised from alcohol, forming colourless prisms, m. p. 182° (40 g Found. C, 489; H, 3-4 
N, 104. C, MON SC] requires C, 402, H, 3-35, N, 10-49%), insoluble in alkali, but soluble in acid, 
and yielding a picrate m. p. 192 


1-(Naphthalene-# “erg pyridine (Ill; R £C,,H,), prepared from the azide (90 g.) and 
vryridine (1-41) at the b. p. (72 hours), was isolated as described above for the p-chloro-compound 
Kecrystallisation from water yielded colourless crystals, m. p. 197-108" (23 g.), soluble in acids but 


insoluble in alkal and yiekling a picrate, m. p. 190-200° (Curtius gives 192°) 


Hydrolysts of \l-bensencsulphonimidopyridine. The conditions successfully employed by Ashley 
et al. (lee. ext), namely boiling for a few hours with ca. 6n-hydrochioric acid, were ineffective 


The substance (1 g.) in concentrated hydrochloric acid (15 ¢.c.) was heated at 150° for 24 hours 
Evaporation om the steam-bath then yielded a hygroscopic product, m. p. 110°, probably the crude 
benzenesulphonate described by Curtias as having m. p. 115°, but an attempt to free the base with 
alkah led to darkening and Liberation of pyridine This would be diffheult to explain if the base were 
2., 3., of 4-aminopyridine, but agrees with the properties of l-aminopyridinium salts, as described by 
Ashley ef al. (lec. et The hygroscopic sulphonate yielded l-aminopyridinium picrate 1\ X 
LrC, HNO), ), m. p. 142°, and 5-benzyithiuroniom benzenesulphonate, m. p. 146 


Hydrolyss f \-(p-cAlorobensenesulphonimido)pyridine. The conditions described above were 
necessary and the base could not be isolated by treatment with alkah. It was identified as l-amino 
pyrxiiniem pirate, m p. 152 The p-chiorobenzenesulphontc acu was identified as its S-benzyl- 
thiuronium salt, m. p. 173-174 

hydrolyss f l(maphthalene B-sulphonimido) pyridine In order to confirm that no rearrangement 
eocars under the conditions of hydrolysis, this was carried out in three ways The second and third 
correspond to those employed by Curtius (Joc. cst 


a) The compound (5g) it. hydrochloric acid (45 ¢.c.; ca. 8N.) was refluxed for 44 hours. On cooling, 
naphthalene §-suiphomic acid separated and was identified as its 5-benzylthiuronium salt, m. p. 188 
inv The filtrate was concentrated on the steam-bath, to a syrup, and treated with aqueous picric 
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acid, yiehling 1-(naphthalene-§-sulphonimido) pyridine picrate, m. p. 199—200°, and the mother-liquors 
therefrom gave l-aminopyridinium picrate, m. p. 152°. 

(6) The compound (5 g.) in concentrated hydrochloric acid (40 c.c.) was boiled for 12 hours 
Naphthalene-8-sulphonic acid crystallised out was identified as above. A portion of the filtrate 
was concentrated to a syrup and triturated with alcohol. The resulting |-ammopyridinium chloride, 
recrystallised from alcohol, had m. p. 158-—-160°. The remainder of the filtrate was treated with aqueous 

mc acid; in spite of Curtius's claim to have isolated a picrate of m. p. 216-217", we isolated only 

~aminopyridinium picrate, m. p. 152°. 


(ce) The compound (5 g.) in concentrated hydrochloric acid (20 c.c.) was heated at 125° for 7 hours. 
Naphthalene was isolated in almoet quantitative yield. The filtrate, concentrated to a syrup and 
treated with aqueous picric acid. gave only l-aminopyridinium picrate, m. p. 152°. 

Re-synthesss of \-(naphihalene-8-sulphomimido) me. To thalene-8-sulphony! chloride (1-7 g.) 
in acetone (5 c.c.) there were added I|-ami "icem chioride't .) is arte ), and then solid 
potassium carbonate tall the solution was alkaline, and further amounts of carbonate, water, and acetone 
till a homogeneous solution was obtained. This was shaken for some time and left overmght. The 
acetone was removed. The solid product which separated was recrystallised from alcohol and then had 
m. p. 198° (1-6 g.), alone or when mixed with the reaction product described above. The picrates, 
m. p. 199— 200°, were similarly shown to be identical, and the synthetic material gave a nitrate of 
m. p. 156—157", which agreed with that quoted by Curtius (joc. cst.}. 

The microanalysis was carried out by Miss R. H. Kennaway.--Unsiversrry of GLascow. 
'Received, May 4th, 1950 





Reactions of Ferric Chloride with o- and p-Cresol, By K. Bowpen and C. H. Reece. 


Wrru ferric chloride a- and £-naphthol have long been known to give dinaphthols (Dianin, J. Russ. Phys 
Chem. Soc., 1874, 6, 183). The action of the same reagent on simple phenols not containing a bicyclic 
system but having a methyl group in the ortho- or the fPara-position has now been examined 

Anhydrous ferric chloride, or ferric chloride hexahydrate, with p-cresol under mild conditions gives 
the a derivative (1) and the terpheny! derivative a In a dilute aqueous solution the compound 
(1) is formed, together with a neutral compound to which Pummerer ef al. (Ber., 1925, 68, 1808) assigned 
the structure (III) (cf. Westerfield and Lowe, /. Biol. Chem., 1042, 145, 463). There was no reaction 
between ferric chloride and p-cresol in 10% hydrochloric acid 

o-Cresol with ferric chloride hexahydrate or an ethereal! solution of anhydrous ferric chloride gave a 
pelyphenol of unknown constitution 

Experimental —Reaction of anhydrous ferric chloride anth p-cresol. p-Cresol (21 g) and anhydrous 
ferric chloride (35 g.) were stirred together at 30° for 12 hours, hydrogen chioride beimg evolved. The 
product was extracted with benzene (100 ¢.c.), and the extract washed with dilute hydrochloric acid, 


CH, CH, CH, CH, 
i 4 ON 4 


a oe 
OH OH 


\ 


(il.) 


dried (Na,SO,), and distilled under reduced pressure to give unchanged p-cresol (13-1 g.), 2; 2’-di- 
hydroxy-5 : 5’-dimethyldipheny! (I) (2:2 g.), m herd b. p. 160-175" (air-bath temp.) /10~* mm., and 
2: 2°: 2”-trihnydroxy-5 : 5 : 5°’-trimethyl-m-terphenyl (II) (1-2 g.), m. p. 197°, b. p. 200-220° (air-bath 
temp.)/2 « 10° mm 


Reaction of ferric chlovide hexahydrate with p-cresol. Ferric chloride hexahydrate (3 ¢.) and p-cresol 
(21 g.) were stirred together at 35—40° for 12 hours, giving the diphenyl (I) (2-4 ¢.) and the terpheny!l 
derivative (11) (10 2.) 


Reaction of ferric chloride with p-cresol im dilute aqueous solution. p-Cresol (21 g.) and ferric chloride 
hexahydrate (65 g.) in water (3 1.) were stirred together for 4 hours at 20°, the solution changing from 
orange to green. A white precipitate which formed was filtered off and dissolved in ether, and the 
ethereal solution extracted with 8% sodium hydroxide solution (100¢.¢.). After being dried (Na,SO,), 
the ethereal solution was evaporated, to give a solid (I11) which crystallised from alcohol as colourless 
plates, m. p. 128° (0-3 g.) (Found: C, 7&7; H, 64. Cale. for C,,H,,0,: C, 7&5; H, 65%). The 
compound gave an oxime, m. p. 195° (cf. Pammerer ef al., Ber., 192)" ahie) On acidification of the 
alkaline extract the diphenyl derivative (I) was obtained which, crystallised from cyclohexane, had 
m. p. 154° (1-1 g.).—Tue Universtry, Lemps, 2. (Received, May Sth, 1900.) 


The Conversion of Aromatic Aldehydes into Primary Amines by a Simple Adaptation of the 
Leuchart Reaction. By K.G. Lewis 


Tue Leuckart reaction was first discovered in the reaction of benzaldehyde with formamide of ammoniun 
formate and yielded mainly tribenzylamine with a trace of benzylamine. In its subsequent ae 
the reaction has found its principal use in the formation of primary amines from ketones of various 
types. During application of the reaction to various simple alcycla ketones conditions were found 
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that markedly improved the yiells of primary amine; ¢.g., cyclochexylamine was obtained from ¢yelo- 
hexa none in 75% yield 


In view of recent statements (Moore, ‘ The Leuckart Reaction ” in “ ic Reactions,” Vol. V, 
w and Sons, New York, 1049, and Angyal and Rassack, Nature, 1948, . 723) in ard to the 
hon. tion of primary amines from aromatic aldehydes by this reaction, it was cc of interest 
to apply to these substances the conditions so succ ul with cyclohexanone. 


The modified Leuckart reaction, applied to various available aromatic aldehydes and to 
turfuraidehyde, gave the corresponding pri amines of the benzylamine type in yields ranging from 
62 to 15%. In apes with the Sue of Comniay and Moore (J. Org. Chem., 1944, 9, 529) it was 
found that hydrolysis of the whole reaction mixture, and not only of the extracted crude formyl 
derivative, led to improved yields: ¢.¢., benzylamine, 60% compared with 43%; cyclohexylamine, 73% 
compared with 40% 

Ewperimental...The general procedure used was as follows: The aldehyde (0-1 mol.) was added 
drop-wise with shaking to #) ¢. (0-4 mol.) of ammonium formate (or the corresponding amount of 
ammonium formate-formamide reagent prepared according to Ingersoll, J. Amer. Chem. Soc, 1936, 
66. 1808) at 165". The reaction was carried out in a three-necked flask to which was attached a short 
colama connected for distillation. The reaction temperature was raised as soon as possible to 185-— 190° 
and maintained in this range while the remainder of the aldehyde was added nitially some of the 
aldehyde distilied, but as the reaction proceeded it largely reacted without loss. The aldehyde that 
distilled was recovered and returned to the reaction mixture. The addition required 30-—40 minutes 
in most cases and the reaction was substantially complete in about 3 hours at | 190° (including the 
time of addition), The reaction mixture was cooled, concentrated hydrochloric acid (100 ml.) added, 
the mixture refluxed for 2 hours, then made strongly alkaline, and the amine steam-distilled into hydro- 
chioric acid. This solution was evaporated, the residue was made alkaline and the amine recovered by 
extraction and distillation 

The amines which were prepared and the yields obtained are set out in the Table. The derivatives 
were prepared by standard procedures and the m. p.s agreed with those recorded in the literature 


Amine Yield, %. B. p./680 mm. Derivatives (m. p.s, uncorr.; d. = decomp.) 
Benzylamine ............ , 182° Picrate, 197-—198°: N-benzoy!l, 105" 
f-Methylbenzylamine ...... ~ Picrate, 205° d.; N-benzoyl, 137-138". 
oMethoxybenzylamine ... - Hydrochloride, 150°; N-acetyl, 96-97". 
f-Methoxybenzylamine ; . Picrate, 188°; N-acetyl, 96°. 
m-Nitrobenzylamine! . - Hydrochloride, 224°; nitrate, 182183 
Furfarylamine * ............ . Picrate, 183—-184° d.; oxalate, 145-147 


4 m-Nitrobenzaldehyde was added to the reaction mixture dissolved in nitrobenzene: the amine 
was isolated as the hydrochloride. * In this case the crude formyl! derivative was isolated and 
hydrolysed with 30% sodium hydroxide 


Acknowledgment is made to the Commonwealth Science Research Fund for financial assistance 
New Ewotanp Univeestry Cottece, Aemrpate, N.S.W., Austratia. (Received, May 22nd, 1950.) 





A Note on the Isomeric Renroate-Toluene-p-sulphonates of Propylene Glycol. By G. A. Haccts 
and e N. Owen 


Tue opening of the a ring in propylene oxide under various conditions has been studied by many 
investigators (infer af. Petrov, /. Gen. Chem. Russia, 1944, 14, 1038; Chitwood and Freure, /. Amer 
Chem. Soe., 1046, 68. 680; Swern, Billen, and Knight, ibid, 1949, 71, 1152; Reeve and Sadie, ihid., 
19%), 78, 1251), and it has generally been found that under acid conditions ring-opening occurs in both 
af the possible directions to give a mixture of the primary and secondary products 


An 
CHyCH-CH, + HX — >» CH,yCH(OH)-CH,X + CH,CHX-CH,OH 


Chapman and Owen (/., 1950, 579) found that by treatment of propylene oxide with toluene-p-sulphonic 
acid in dry ether, followed by benzoylation of the product, a mixture of the two isomeric benzoate 

toluene-p-sulphonates of the diol was obtained, from which, by fractional crystallisation, 2-toluene 
p> -sulphonyloxypropy! benzoate, m. p. 104°, was isolated. The residual materiai, m. p. 79°, was shown 
to be a mixture of this compound with 1-toluene-p-sulphonylox yp-2-y!l benzoate, but fractional 
orystallisation failed to effect any further separation. In a renewed investigation of this mixture, we 
have now found that by slow crystallisation from light petroleum two distinct types of crystals are 
formed, and pure |-toluene-p-sulphonyloxyprop-2-yl benzoate, m. p. 93°, has thereby been obtained 
Both compounds have also been prepared by selective esterification of propylene glycol 


It has already been shown (Chapman and Owen, loc. cit.) that the two isomers differ in their rates of 
reaction with potassium thiolacetate, this has now been found to be the case also with sodium iodide 
Furthermore, the product thes formed from the compound of m. p. 104° is 2-iodopropy! benzoate, 
since on hydrogenation it furnishes #-propy! benzoate; this provides rigid proof of the structures 

Reaction of propylene oxide in aqueous solution with benzoic acid and potassium benzoate gave 
manly (bat not exclusively) the primary benzoate of propylene glycol, since the product, on toluene- 

-sulphonation, consisted largely of the benzoate rl we 6 pP-sulphonate m on According to 
raenkel-Conrat and Olcott (/. Amer. Chem. Soc., 1944, 66, 1420), carboxylic acids react with propylene 
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1s stated, for instance, that the compound obtained ee es Se a rane 
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sodium butyrate with I-chloropropan-2-al; since, however, a rearranged product (derived dence 
intermediate) may weil be formed in the latter reaction, Sedsclinn of Gouclane by Goch meant 
unwarranted (compare Ross, /., in the press). 
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process 
several times, eventually resulted in the deposition of needles only ; tion of this materia! 
from methanol then gave needles of |-soluene-p-sul ylo. -2-y! benzoate, m. p. 93° (Found 
C, 610; H, 645; S, 925. C,,H,,0,S requires C, 61-05; H, S, 96%). Mixed m. p. determin- 
ations with various proportions of the isomers gave the following results: 


10 20 29 
90 100° sO. 95> 77—85° 
57 75 wo 
76—78° 76-79° sO 86° 
Monoesterification of Propylene > ee —/(i) Propylene glycol (5 g.) was dissolved in pyridine (100 
c.c.) and the solution was cooled to A solution of toluene-p-sul y! chloride (12-5 ¢., 
se quokdinn O16 a8. aap anten tneneiemnel tiaa during 4 days. After removal of most of the 
pyridine under reduced re, the residue was taken up in chloroform and washed with dilute 
sulphuric acid, sodium hydrogen carbonate solution, and finally with water. After being dried (Na,5O,), 
the solvent was removed to give a brown viscous oil (5-9 g.) #F 1-5135, which was dissolved in pyridine 
(30 c.c.), cooled to 0°, and treated with benzoyl chloride (7 g.}. After 2 hours the solution was poured 
into water and worked up as above to give a dark oil which ly crystallised on addition of light 
petroleum. The crude solid was collected and recrystalli from methanol to give 1|-toluene-p- 
sulphonyloxyprop-2-y! benzoate (1-9 g.), m. p. 92—93°, identical with that obtained previously. 


(ii) Propylene glycol (5 g.) was dissolved in pyridine (50 c.c.) and cooled to 0”. A solution of benzoy! 
chloride (8-25 g.; 1-04 mols.) in pyridine (100c.c.) was added in 0-5-c.c. portions during 4 days. Working 
= as above gave an oil, which on distillation gave propylene glycol monobenzoate (1-5 g.), b. p. 93— 
97°/2 mm., nf 1-5229. Reaction of this oil with toluene-p-sulphony! chloride (2-1 g.) in yidine 


(15 c.c.) gave a product which on ee from benzene light oleum (b. p. 60-80") gave a 


main crop (1-2 g.) of 2-toluene-p-sulphonyloxypropy! benzoate, m. p. 104° 


Reactivity towards Sodium lodide.—Each of the isomeric compounds (0-1 g.) was separately treated 
under identical conditions with a boiling solution of sodium ie (0-15 g.) in acetone (6 cc.) for 24 
hours under reflux. The solutions were cooled and filtered. and the precipitated sodium toluence-p- 
sulphonate was washed with cold acetone (5c. c. ) and | dried. The yields } ae oe for slight solubility 
in acetone) were: from the primary t p , 0-028 g. (48%); from the secondary, 0-005 
g. (9%) 

2-lodopropyl Benzoate.—2-Toluene-p-sulphonyloxypropy! benzoate (20 g.) in acetone (240 cc.) 
containing sodium iodide (20 g.) was heated under reflux for 20 hours; precipitation of sodium toluene 
p-sulphonate began after 30 minutes. The solid was filtered off, with acetone, and dried 
(Yield, 10-7 g.; cale., 10-8 ¢.). Acetone was removed from the filtrate by distillation, and water was 
added to the residue. The oil was extracted into light petroleum (b. p. 40-60") and washed with 
oqpenee sodium Par wene we yw and with water. After drying (Na,SO,) and removal of solvent, dis 

lation gave 2-iodo, nT 488. Call Ol rowers 13-2 g.), b. p. 96--08°/0-3 mm., 1 5665 
(Found: C, 40-9; ; 1 458 {0,1 requires C, 41-4; H, 3-82; I, 43-75%) slight 
discrepancy in analysis may be due to the formation of a trace of propylene di-iodide by replacement of 
the benzoate group. 


Hydrogenation of 2-lodopropyl Bensoate.The ester (12-6 g.) was dissolved in methanol (160 cc.) 
containing potassium acetate (5 g.) and hydrogenated at atmospheric pressure over Adams's platinum 
catalyst (0-4 g.). When uptake was complete the catalyst was filtered off, the solvent removed by 
distillation, and water added to the residue. The ester was extracted with light petroleum (b. p. 40— 
60°) and dried (Na,SO,). After removal of solvent, distillation gave n- vi benzoate, b. p. 105— 
110°/13 mm., wh? 11-4994 (lit, sFf 1.5000). This was hydrolysed with aqueous 160% potassium hydroxide, 
and the resulting alcohol was characterised (a) as »-propy! 3 S-dinitrobenscate, m. p. and mixed m. p 
72°, and (b) by oxidation with chromic acid and formation of propaldehyde 2 : 4-dinitrophenythydrazone, 
m. p. and mixed m. p. 152°. 

Reaction of Propylene Oxide and Benzoic Acid. (With H. Cuarman.)——Propylene oxide (40 g.) 
was dissolved in water (400 c.c.) containing m hydroxide (10 g.). Benzoic acid vs ) was 
added, followed by sufficient acetone (ca. 150 c.c.) to give a 8 solution ; ys, a 
further 40 g. of propylene oxide were added. At the end of a further cape ts ccbtivn wus eutlh onatie. 
Acetone was removed under reduced pressure and the ents —- te neutralised with — 
hydrogen carbonate and extracted with ether. The extract a: concentrated 
distilled to give the benzoate as a colourless oil, b. p. ioe tt yo-e moe nM 170—1-6213 eee) 
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This was treated in pyridine (50 o.c.) with toluene-p-ntiphony! chioride (11-7 g.), and gave a solid 
(14g). m. p. 15- . which by two recrystallisations from methanol gave 2-toluene-p-sulphony!- 
oxypropy! benzoate (#g.).m. p and mixed m. p. 104°. laremial COLLEGE OF SCIENCE AND TECHNOLOGY, 
Soutn Kanstwotow, Lonpow, 8.W.7. (Receiwwed, May 25th, 1950.) 


The Addition of Ovmium Tetroxide © Dinaphthylethylenes. By C. A. Covison 


Iw a recent letter to Nature having the same heading as this note, Badger (Nature, 1950, 166, 647) has 
shown ae ena that osmium tetroxide adds to the three ces- and trans-dinaphthylethylenes at 
a rate £8 > af >aa t has generally been presumed that, other things being equal, the rate of addition 
depended on the double-bond character of the bond to which the addition occurs—here the central 
ethylene link. This presumption would receive further support if it could be shown that the bond 
orders were also in the wence 88>a8>ea. Badger gives reasons why this is likely to be so. The 
argument depends on the known greater conjugating power (Coulson and Longuet-Higgins, Pree. Roy 
See., 1948, A, 196, 18%) of naphthalene at the a- than at the §-position; but no absolute calculations of 
the bond order have hitherto been made. For that reason the three bond orders have now been 
calculated, and are shown below. Standard molecular-orbital tec hnique was used, with numerical 
integration as in some earlier work (Coulson and Jacobs, /., 1049, 2805). The values are: 88 1-814, 
af 1-803, aa 1-702. The sequence is precisely what was expected, the differences between the three 
values being of the same order of nitede as those commonly found (Berthier, Coulson, Greenwood, 
and Pullman, Compt. rend., 1048, , 1906) in polynuclear hydrocarbons, the addition of osmium 
tetroxide to which has been studied fairly fully (cf. Badger, /., 1949, 456) To this extent, then, the 
present calculations provide further support for the general interpretation of this addition reaction 


It may be worth comparing the values for the ethylenic bond orders in the dinaphthylethylenes 
with the value in stilbene (1-820), Thus the replacement of two phenyl! by two naphthyl groups increases 
the conjugation over the whole molecule and therefore weakens the central bond A similar situation 
was fully discussed in a variety of other systems by Coulson and Jacobs (loc. cst WHEATSTONE 
Puvyeics Lasoratory, Kina's Cotcece, Lonpow Recewwed, May 23rd, 1950 


6-Ethyl-\ . 3-dimethylnaphihaiene and \-Ethyl-1. 2.3 4-tetrahydro-5-hydroxy-7 : 8-dimethyinaphthalc ne 
By Westey Cocker and Brian E. Cross 


6-Ernyt-1 : 3-O1MeTHYLNAPHTHALENE has been prepared from 7-ethyl-] 2 3. 4-tetrahydro-l-keto 
2 : 4-dimethylnaphthalene (Cocker ef a/., ]., 1950, in the press) by Clemmensen reduction to the tetralin, 
followed by dehydrogenation with palladised charcoal. The naphthalene was characterised as its 
picrate and its trinitrobenzene and trinitrotoluene adducts 


Catalytic hydrogenation of l-ethy!-3: 4-dihydro-5-methoxy-7 : 8-dimethylnaphthalene (Cocker, 
et al, loc, eit.) followed by demethylation yielded l-ethyl-1 : 2:3: 4-tetrahydro-5-hydroxy-7 : §-di 
methylnaphthalene 


Eaperimental...6-Ethyl-1  3-dimethyinaphthalene, 6-Ethyl-1 2 3: 4-tetrahydro-\ : 3-dimethyinaph 
thalene (Pound: C, 89-06; H, 10-35. C,H, requires C, 80-4. H, 10-6%) was obtained as a colourless 
liquid (1-4 g), b. p. 128--129°/10 mm., when 7-ethyl-1 > 2.3. 4-tetrahydro-l-keto-2 : 4-dimethy! 
naphthalene (Cocker ef a/., loc. ett.) (2:3 g.) was refluxed for 40 hours with amalgamated zinc (70 ¢ 
concentrated hydrochloric acid (90 c.c.), and water (50 «« 


The tetralin (1-0 g ) was heated with palladised charcoal (0-0 g.) at 250..270° for 5 hours The product 
was extracted with ether and distilled over sodium, yielding the naphthalene (0-842 ),b. p. 148-1507 10 
mm. (Pound: C911, H.@1. C,H, requiresC, 01:3; H,& 7%). Its prerate crystallised from methanol 
as rosettes of orange needles, m. p. 70° (Found: C, 581; H,5-0. C,.H,,O,N, requires ©, 58-1, H, 4-6% 
Its (rimstrobensene derivative crystallised from methanol! as lemon-yellow needles, mp. 97 (Found ¢ 
8, H 4h Cyl OWN, requires C, 60-45, H, 48% Its trimitrotoluene adduct crystallised from 
methanol as lemon-yellow needies,m p. 43-5 Found: C, 61-2: H. 45-15 ‘ i tly, »N, requires ¢ 613 
HH. S1%, . 


t-Fthvl.t 2.3) t-tetrahvdro-S-Avdrosy-7 . &-dimethyinaphthalene 1-Ethyl.3 4-dihvdro-5- methoxy 

7 S&-dimethyinaphthalene (Cocker ef al, Joc. cst.) (3-33 g.) and palladised charcoal (2-0 g.) in ethyl acetate 

Whe were shaken in hydrogen, giving the methoxy-tetralin (3-08 g b p 147-1) 6 mm The 

methoxy-compound was refluxed for 2 hours with redistilled hydriedic ace (12 und’ glacial acetx 

wo (15 The Aydrory-compound, b. p. 146-—152° 6 mm.. crystallised from hight petroleum 
bp m p 5060° (Found Cc, 82-065. H. @56 ( sable requires ( 
Cremicat Laporatronry, Temstty Cottecs, Dustin Recewwed, June Oth, 1950 





Obituary Notice. 
OBITUARY NOTICE. 


SIR ROBERT PICKARD. 
1874-1949. 


Tue death of Sir Robert Pickard on October 18th, 1049, at the age of 75 brought to a close a 
notable career of vaned interests and removed from our midst a strong and vigorous personality 
whose impress has been left on several spheres of activity in science, technology, and education. 

Robert Howson Pickard, born at Balshall Heath, Birmingham, on the 27th September, 
1874, was the elder of the two sons of Joseph Henry Pickard, a tool manufacturer in Birmingham, 
and of Alice, daughter of Robert Howson of Birmingham 

He received his schooling at King Edward's Grammar School, Camp Hill, Birmingham, 
which he attended from 1883 to 1891, and where he was one of the papi of the gifted head- 
master, the Reverend Jamson Smith 

From 1891 to 1895 he was a student at Mason University College and obtained the B.Sc. degree 
of Londen University in 1895 with first class honours in Chemistry, At the time of Tilden's 
departure from Mason College for the Royal College of Science in 1894, Pickard was senior student 
and secretary of the students’ Chemical Society, and in the following year he became President 
of the Union and also a post-graduate student under the new professor, P. F. Frankland. To 
both these distinguished teachers Pickard at different times acknowledged his great indebtedness. 

Pickard was always 4 keen sportsman and at Camp Hill was Captain of School Cricket in 
1890-91 and later played both cricket and rugby for Mason College. 

In January 1806 he proceeded as an “ 185! Exhibitioner “’ to the University of Munich, 
where, under the direction of Thiele, he carried out research work concerned principally with 
the rearrangement of hydroxamic acids and in June 1898 obtained the degree of Ph.D. summa 
cum laude. The results of this investigation were published in Amnalen and Berichte. He then 
returned to Birmingham and spent another year divided between chemical research and 
bacteriology. He was awarded the D.Sc. of London University in 1809 

In July, 1899, Pickard received his first appointment, that of Head of the Chemistry Depart- 
ment of Blackburn Technical School. He set about with characteristic energy and industry 
to improve the laboratories and extend the facilities for the teaching of chemistry, so that the 
students attending this provincial technical school were enabled to prepare for the external 
degrees of the University of London. In a relatively short time research work was started in 
collaboration with members of his staff and subsequently with senior students 

Pickard's main interest as a chemist lay in stereochemistry and particularly in the relation 
between chemical constitution and optical rotatory power. Apart from his work in Munich, 
his first scientific publication was a joint one with Frankland on “ The Rotation of Optically 
Active Compounds in Organic Solvents and there can be little doubt that this, together with 
Frankland’s influence, gave the general direction to Pickard’s chemical interests 

One of his earlier investigations involved an attempt to resolve racemic alcobols into their 
optically active forms by combining them with either menthy!l or bornyl tsocyanate and sub- 
mitting the resulting urethanes to fractional crystallisation. The method however proved 
unsatisfactory, as hydrolysis of the optically active urethanes could only be effected under 
conditions which resulted in the liberated alcohols being partly racemised 

Shortly afterwards, in collaboration with his colleagues at Blackburn, he devised a method 
of resolving racemic secondary alcohols into their optically pure isomerides which proved both 
convenient and of general application. The alcohols are converted, by reaction with the 
anhydride of a dibasic acid, usually phthalic or succinic, into acid esters which form with the 
commoner alkaloids crystalline salts of sufficient stability to allow of their separation into 
diastereoisomeric forms by fractional crystallisation. The derived optically active acid esters 
readily undergo hydrolysis under mild conditions and yield the liberated alcohols in a condition 
of optical purity. This method is of such practical convenience as to allow of the ready 
preparation of optically active alcohols in relatively large amounts and has thus put at the 
service of chemists a means of obtaining optically active and chemically reactive compounds 
of simple constitution for a wide variety of purposes. 

By application of this procedure the four borneols, (+)- and (—)-borneol and (+)- and 
(—)-sseborneol, and the four menthols, (+)- and (—)-menthol and (+)- and (—)-ssomenthol, 
were readily prepared and a comparison was made of their rotatory powers. 
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alcohols and of their esters in order to study the effect, on rotatory power, of a growing chain 
in alcohols of the structure CHRR”-OH where R and R’ could be independently varied and in 
carboxylic esters of the structure R”-CO-O-CHRR’ where R, R’, and R” may be similarly 
changed. The rotatory powers of these groups of compounds were determined, with light of 
different wave-lengths, both for the homogeneous state at different temperatures and for 
solutions in various solvents at different concentrations 

The main conclusions drawn from this lengthy and laborious investigation were : 

(i) Compounds of simple chemical constitution containing an unbranched chain of five 
(or ten) carbon atoms may exhibit an enhanced rotatory power—this effect, in all probability, 
being due to the chain of five carbon atoms all but returning on itself. 

(ii) This norma! chain of five (or ten) carbon atoms need not be directly attached to the 
asymmetric carbon atom, but when indirectly attached the disturbing influence is much less 

sronounced 


(ili) This special stereochemical influence of the chain of atoms is usually increased by the 
action of solvents and in some cases where the influence is latent in homogeneous liquids it can 
become quite pronounced in solution 

(iv) The molecular rotatory powers of the members of a homologous series of compounds 
alter (usually increase) in a continuous manner as the series is ascended, rapidly at first, and 
then much more slowly, so that they tend towards a constant value. 

(v) The rotatory powers of a whole group of optically active compounds of closely related 
chemical constitutions and of their derivatives can be correlated by an extension of the 
“ characteristic diagram " method devised by Armstrong and Walker (Proc. Roy. Soc., 1903, 
A, 88, 338) 

These results, together with some others dealing with the rotatory powers of menthy! 
carbamates and menthy! carbamides, were discussed in an appreciative manner by Professor 
P. F. Frankland in his Presidential Address on ‘ Some Stereochemical Problems ’' delivered to 
the Chemical Society in 1912, an action which gave much pleasure to his old student Pickard 

Pickard was elected to the Fellowship of the Royal Society in 1917 whilst still at Blackburn, 
in itself a notable achievement and a great honour to a provincial technical school 

He published a few more papers on these topics after moving to Battersea Polytechnic 
but gradually his administrative and other duties drew him away from participation in purely 
chemical subjects, although he always liked to assume a paternal attitude to the activities of 
the Chemistry Department which he visited whenever he had a few moments to spare 

From 1908 to 1920 he combined the duties of Head of the Chemistry Department with 
those of Principal of the Technical School at Blackburn, and thus found wider opportunities 
for the exercise of his developing administrative abilities 

During this period he was from time to time consulted by cotton manufacturers of the 
surrounding district on various problems and difficulties encountered in this local industry, 
and it is certain that he came to see quite clearly that the application of more scientific methods 
to this complex industry would result in great improvements to many processes which at that 
period were carried out by empirical and indeed rough rule-of-thumb methods. This experience 
undoubtedly laid the foundation of the very real and lively interest which he developed and 
the extensive technical knowledge which he gradually acquired, both of which he was later to 
put to such good and effective use during his Directorship of the British Cotton Industry 
Research Association at the Shirley Institute 

From 1900 to 1920 Pickard was consultant chemist to the Corporation of Blackburn with 
the duties of examining the supplies of water and gas and the town's sewage effluent. 

Early in 1920, Pickard was appointed Principal of Battersea Polytechnic, a position he 
heki with marked success until 1927. During this period he fostered more advanced studies 
and his vision and determination greatly helped to widen and encourage the University side 
of the Polytechnic’s teaching activities during those difficult post-war years. There is little 
doubt that the general life of the Polytechnic was stimulated by his presence and capable 
supervision. He mixed freely with students of all departments and played a vigorous game of 
badminton with members of his staff, and a less vigorous game of cricket with students 

As Pickard’s interests and activities were widely spread it has seemed most convenient to 
deal with these in separate sections 

Services to the University of London.—In 1926 Pickard became a member of the Senate of 
the University of London and remained so for 22 years until failing health compelled his retire- 
ment in 1949. He was Vice-Chancellor from 1937 to 1939 and by virtue of this office was a 
member of the Court of the University, a body to which he was subsequently appointed in 
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1945 and on which he served until 1948 when he declined re-nomination. He was elected 
Chairman of Convocation in 1948. 

The Principal of the University has kindly supplied the following appreciation. “ Through- 
out the last 23 years of his life he was a well-known figure in University affairs and rendered 
valued services to the University as an‘ elder statesman ' during the last five years of his life. 
He took a leading part in the discussions of the post-war plans of the University and was 
Chairman of two important Councils, the Finance and General Purposes Committee and the 
External Council. In his capacity as Chairman of the External Council he had much to do with 
the development of more intimate relations between the University and the four university 
colleges which still take the External degree of the University of London.” 

Other Services to Education.—He became a member of the Surrey Education Committee, as 
a representative of London University, when it was reconstituted after the Education Act of 
1944, and he served on the Secondary Education and the Further Education Committee and 
became especially interested in the work of the latter where his advice and knowledge were 
highly esteemed. 

He gave the Committee great help in drawing up and admunistering their scheme for Award 
of Major Scholarships and Exhibitions to students taking university courses, and also in planning 
the expansion of higher technological education in the County. 

A development which took place during his period of service was the decision of the County 
Council to make an annual grant of nearly 430,000 to the University of London. 

The Chief Education Officer writes : “ It is very unusual for a member who is not a member 
of the County Council to be selected to Office on the Surrey Education Committee but Sir 
Kobert Pickard was so highly esteemed by his colleagues that they selected him Vice-Chairman 
of the Further Education Committee.” 

He served as Honorary Secretary of the teachers’ panel of the “ Burnham Committee " 
dealing with salaries for teachers in technical colleges and art schools, 1922-—1925, and from 
1920 to 1923 was a member of the Consultative Committee of the Board of Education. From 
1930 to 1940 he was a Member of Council of Manchester High School for Girls and from 1940 
to 1948 Chairman of the Governing Body of Roedean School. 

He served as a Member of Council of the Leatherseller’s Technical College from 1924 to 1048 

He was also at different times a member of the Courts of the Universities of Birmingham 
and Manchester. 

Royal Institute of Chemistry.—Pickard became a Fellow of the Institute of Chemistry in 
1902 and in later years developed a keen interest in its affairs, particularly those concerned 
with the education and training of chemists. He was a member of its Council during the 
periods 1923-1926, 19441946; Vice-President 1927-1930, 1939-1943; President 1936-—~ 
1939 and Censor 1936—~1944 

During his Presidency he delivered the eighth Gluckstein Memorial Lecture (in 1936) with 
the title ‘' An Experiment in Co-operative Research in the Cotton and Other Textile Industries " 
in which he summarised his views and experience as the Director of a large Research Association 

Chemical Society and Chemical Council.—Pickard joined the Chemical Society in 1897 and 
served on the Council, 1916—1920, 1926-1928, and as Vice-President, 1931-1934, 1937— 
1940: he was for many years a very regular attendant at the Society's meetings. The Historical 
Review of the Chemical Society 1841-—1941 states (p. 154): “ In the Society he has for years 
been a watchful and outspoken critic of its methods and organisation and his criticism has been 
constructive. He was one of those who proposed the formation of a Reconstruction Committee 
in 1932 and was its most active member. The various recommendations of this important 
committee were put into effect and resulted in an extension and an invigoration of the Society's 
activities. His foresight and experience have been of great value to the Finance and General 
Purposes Committee, on which he served for several years, and to Council. Directly, in such 
activities as these, and indirectly as Chairman of the Chemical Council (1931-—1938), he had 
a great influence on the development of the Society in the last decade." 

Industrial Research.—Pickard's experience in Lancashire had led him to a deep-rooted 
belief, to which he frequently gave expression, that the application of the results of fundamental 
research to industrial processes would result in valuable technological developments, and he 
told the writer of this Notice that pressure was exerted on him about 1920 to take an active 
interest in the new Research Association movement. It is certain that the pressure only needed 
to be gentle to start him off on this course, since his inclinations had been tending in this 
direction for some time, and his desire for an administrative post of the type afforded by the 
supervision of a research association had been steadily growing. His recognition that the 
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undertaking of long-range investigations would constitute an essential part of the work of 
research associations led to his becoming a champion of co-operative research associations in 


The growth of the Research Association movement is the most marked development in 
the organisation of industrial research in this country since the first world war, and there can 
be no doubt that the movement's present vitality and vigour owe much to Pickard’s long 
participation. 

British Leather Manufacturers’ Research Association.—In 1920 Pickard, on the strong 
recommendation of a representative committee, became the first Director of the newly-formed 
British Leather Manufacturers’ Research Association and was quick to seize the opportunities 
afforded by such an appointment. These activities he combined with his duties as Principal 
of Battersea Polytechnic which he had assumed earlier in the same year, and his resolution 
and capacity for work enabled him to do justice to these combined responsibilities. 

He now proceeded to transform his beliefs into practice and show how science should be 
applied to industry. He soon recognised that the histology of hides and skins and the physico- 
chemical examination of tanning solutions and of proteins were of fundamental significance 
in attempting to deal with the difficulties which, despite centuries of empiricism, still confront 
the leather manufacturer, and accordingly he gathered together a highly competent staff of 
research workers which included the late Dr. D. Jordan-Lioyd amongst its first members. 

He soon became convinced that if an industry was to receive substantial benefit from its 
research association the work of the staff must be made known to and applied by members of 
the industry, and so visits to works and surveys of processes were arranged and organised. 
Although he was Director for only 7 years be maintained his connexion with the British Leather 
Manufacturers’ Research Association, in the first place as consultant and later as honorary 
consultant, until the time of his death 

He was a loyal and devoted servant of the leather industry, pre-eminently as a planner 
and an organiser, and in these capacities he rendered notable service which has been freely 
recognised by the industry as a whole: he did not attempt to make any profound contribution 
to the scientific studies of the research association 

In recognition of his services to education and to the application of scientific research to 
industrial processes he was elected an Honorary Liveryman of the Leathersellers’ Company 
in 1938 

British Cotton Industry Research Association.—Ot Pickard’s numerous activities the one 
with which his name is most closely associated is that of his Directorship of the British Cotton 
Industry Research Association—a post to which he was appointed at the age of 53 whilst 
still alert and vigorous, with a varied experience behind him which included an “ apprentice- 
ship “ of 7 years as Director of the British Leather Manufacturers’ Research Association. 

When the Directorship of the Cotton Research Association fell vacant in 1927 through the 
death of Dr. A. W. Crossley the post was advertised but Pickard would not apply. It is no 
secret that he had felt some disappointment at not being called to fill the position when the 
Research Association was formed in 1919. Fortunately there were those in Lancashire who 
realised that Pickard was the man for the post and a deputation came to London and induced 
him to return to Lancashire. Thus he entered on what proved to be the most fruitful period 
of his career 

He found that a vast amount of first-class scientific knowledge had been accumulated, but 
that after six years the industry was getting impatient and looking for more practical results. 
He saw that the time was opportune for an intensive application of the knowledge already 
gained and for the introduction of special means to link the scientists more closely and effectively 
with the practical men from the mills, and in 1928 a liaison officer was appointed and a liaison 
department formed. At the same time investigations of both a fundamental and a technological 
character were actively pursued and on a steadily increasing scale, so much so that several 
extensions of accommodation had to be provided during the ensuing 15 years—including a 
three-story block of laboratories and a large work room to house weaving machinery, which 
were formally opened in 1936 by the late Lord Derby 

Pickard tackled with understanding the special difficulties facing the Director of a large 
research association in an industry divided into several distinct sections, ¢.g., spinning, weaving, 
bleaching, and finishing. He came to realise that one important function of such a research 
association is to envisage the industry as a whole rather than as a collection of component 
groups of firms with sectional interests and requirements. 

The success of his policy taken in combination with the life and vigour he infused into the 
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strenuous years the Research Association was recognised on all sides as an 
textile industry and its name was known throughout the world. 

By the time he had retired in 1943 the Shirley Institute with a staff 
including 80 graduates, had become a splendid organisation in the building up of 
exerted all his powers of initiative, drive, and administrative ability, and in which he took 
great pride. 

Pickard regarded his stay at the Shirley Institute as the most congenial and productive 
period of his career—it certainly provided an opportunity where his unusual combination of 
qualities could be exercised to the full. 


and was always listened to with attention even by those who disagreed with him. His inform- 
ation on matters of fact was always valuable and there were many occasions on which he was 
able to draw attention to the terms of Government orders or other official decisions which had 
escaped the notice of his colleagues but which were highly relevant to the subject under 
discussion. 

He was fond of attending committee meetings and, apart from very occasional lapses into 
impatience, he was an admirable committee man: the agenda had been carefully studied and 
pondered on and it was seldom that he failed to contribute at least one useful or constructive 
suggestion. 

During this period of office as Vice-Chancellor of the University of London the Board of 
Studies in Chemistry gave a dinner in Pickard’s honour, at which the late Professor J. C. 
Philip made the well-received jest ‘‘ What we all admire about Pickard is his downrightness-— 
not that that excludes uprightness!‘' Both downrightness and uprightness were indeed the 
salient qualities of the man. 

To the end he was a personality and a man of affairs, frank and fearless in manner. His 
highly developed critical faculty was in frequent evidence, but in turn he accepted criticism 
without resentment and usually respected the more highly those who could return some of his 
critical sallies. 

To some his outward bearing was rather aloof or even harsh, but to know him intimately 
was to recognise a very human man with a high sense of moral values, whose word was his bond. 

In 1901 he married Ethel Marian, daughter of Henry Wood of Edgbaston and Dudley and 
had one son and one daughter. He was created Knight Bachelor in the Coronation Honours 
of 1937. His family life was a happy one until a few years ago when he suffered two severe 
blows in the death of his wife and shortly afterwards of his only daughter. He leaves an only 
son, at whose home in Surrey he died in his sleep. 


I am indebted to the Registrar of the Royal Institute of Chemistry, to Dr. F. C. Toy, C.B.E., 
of the Shirley Institute, and to Dr. H. Phillips, Director of The British Leather Manufacturers’ 
Research Association, for help in the compilation of this notice. 

]. Kewvon. 
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MicrefRim Edition 


The Chemical Society has entered into an agreement with 
University Microfilms, Ann Arbor, Michigan, to make issues 
from January 1950 of The Journal of the Chemical Society 
available to libraries in microfilm form. 


One of the most pressing problems facing all types of 
libraries to-day is that of providing adequate space for a 
constant flood of publications. Periodicals pose an especi- 
ally difficult problem because of their bulk and number. 


Microfilm makes it possible to produce and distribute 
copies of periodical literature on the basis of the entire 
volume in a single roll, in editions of 80 or more, at a cost 
approximately equal to the cost of binding the same 
material in a conventional library binding. 

Under the plan, the library keeps the printed issues 
unbound and circulates them in that form for from two to 
three years, which corresponds to the period of greatest 
use. When the paper copies begin to wear out or are not 
called for frequently, they are disposed of and the micro- 
film is substituted. 

Sales are restricted to those subscribing to the paper edition, 
and the film is only distributed at the end of the year. 

The microfilm is in the form of positive microfilm and 
is furnished on metal reels. Inquiries concerning purchase 
should be directed to University Microfilms, 8318 N, First 
Street, Ann Arbor, Michigan, U.S.A. 
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concentrated volumetric solutions 


in ampoules for greater convenience 


This new B.D.H. development has already found 

lication in many laboratories. Concentrated vo 
i can be stored without of deterioration and 
in small space. The contents of 2 oz. ampoule, when 
diluted as directed, provide soo ml. of solution 
standardised within the factor limits of 0.999 and 1.001. 


B.D.H. CONCENTRATED VOLUMETRIC SOLUTIONS 


in cartons each containing seven ampoules 
further information available on request 
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